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1 

ft. m&fcm.&&mtmm&.mk<o&miz.$i&i&&mft 

fliTEKSfiflSttJlW:, TcifiX (fcfcLXIi, Pt, Pd, 
Ir, Rh, Ru, O s 1 a*fc»i 2 8LBt-h£>5E 

ft, 

*f[|B2S5*ite-6'aSrBlff*lR] t Wr friBBlr®Kmfcft£iiu 10 
[1***2-] tufES^ttSS.^^tt®«. itufE^- 

&&fe-&Wi\Ztd\,^T , 20 
B trIES^ttS« B u!E#Ei:¥fT/i*'lR]»c[l ll]It 

¥-mcr*f&zftx^z>^ kz&mt-r stemming. 

8° Sl±X'7 6° £ilT-CfcSlll**3flE*©2fl«»tt* 

fglo 

X !/> SIS** 3 * fc (* 4 lif5«c03?m^Mo 
[IS** 6] SdfES?Sai4il«, tE^X (fcfc'LX 
li, Pt, Pd, Ir, Rh, Ru, Os©HllS 

[is** 7] mm&mm&Mtot, t*»&r»8m±s. 

IE#ffit¥tT?i*-|oJ(c[l 1 llffli: LTgl£ft5«?Mffi&40 
IS AB*sffftEfi Lfc h* W $ ftT ^ 5 IS 
** l L 6 rov^i"ix*»^E««>SE**S-&BI. 
IiS**8] huIE->— KKftt, NiFe^, N 
ifc?>vniNi-Fe-Y^ (fcfcLYi*, Cr, R 
h, Ta, Hf, Nb, Zr, T i igl* ft 

tfcia«±) > * t>fci*N i -Y^T*^^ft5» 

[!S**9l BtllEv'— KWirM\ jfififciUMN i 

i-xFe,) i- y Y y (x, yttm*ttm) T-*$ft. 



#B32002-094141 

2 

0. 5ti.TT*fc«.ff*«8fE«CDSe^-a-^„ 

[is** i o i HutEv— k ui- tiitflf^ttt?*) 

5W*:*7^^L9<OV''-rft*M^«ro^JfeiS-g'^„ 
[It**ll] tufSv-— KHtOTKIi, Ta, H 
f, Nb, Zr, Ti, Mo, WOH'>'i<i:t>ll 
W±cD7t;*T*^ £ ftfc Ti&Jf £ ftT <^ SIS** 

7^>L1 OWV-fftd^JlSEtttO^^-g-IKo 
[IS** 1 2 ] Afrie&!fe«H£Jl £ KWtt 

1 1 <^i*ftaMCflE*t<D3£J&!#3-^ 0 
[IS**13] BulES5itiB£ttJf li, X-Mn-X' -a- 

& (fc/cL5n^X' tt, Ne, Ar, Kr, Xe, B 
e, B, C, N, Mg, Al, Si, P, Ti, V, C 
r, Fe, Co, Ni, Cu, Zn, Ga, Ge, Z 
r, Nb, Mo, Ag, Cd, Ir, Sn, Hf, T 
a, W, Re, Au, Pb, RXJ^±MtzM<0 Hll 

*fctt2«£JL±©7C*-e*><5) T-^fifc£ft-0^»jfc* 
lfcl-'Ll 2<75V^-fft^^lEttro^ifeie-&^ 0 
[IS**14] fifJfEX— Mn— X' £-&i2. TcsffXi: 

Mnkxm!&tSftZ&fflte*<DFmiC7tmx' «:«AL 

ftfc««a!H*fl:-ca)S«l*35il 3 E*©5E*«S-&il. 

[IS**15] BtflETC^Xfc^^liTC^X + X' (DM 
i&Jtfi, 4 5 (a t %) ti±6 0 (a t %) KTf Jbo 

§s** i*^li4 w^-r ft*MciE«055s«iife-e-K. 

[IS** 1 6 ] flMBK&tt&JI t SUfrlig k (D#E<D 

[IS**17] K3ftflH£Jl£, i©S««ttIi:iL 
£ ft, fltrflBKtttt&Ji t ©£&^if <fc 9 

mtxfa&mfeZfrzmigMfemk, mumT&emmte. 
y v -&\<m<omk%fa$:m$£m'fem&m<Dmikijmk 
tts t r nBOMimm k m u -c ^ $ ft fc mfemvtm t 

»*JSl ^V^UIS*3Sl 6(Z>^-ffti6MC|E«Sftfc 
KUHtS-frBH- ± 0 $ ftT ^ 5 r k *¥f®. k -tZ miS. 

mxm 1 8 ] K&fi&tf ® k , r ros^atts iSS L 

T »j« $ ft, mF!ER5£G£ttS t ro^^S^tta#lc «t 9 

©«Yk*s-«*i^t $fts r t t -r z>m%m.m.%) 
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3 

im&m i 9 j 7U -m&m<o±T\zm® ztuzitm 
x, ^mm^mmzx n zh^tuDmfem&mcoMit 

#Jg l ft^LIlt*® 1 6 <D\,^-fixfaizmifc£irit&W& io 

T o 

^•y K. 

I*W«>8¥»fclft91] 
[OOOl] 

x^^rr^w^mm^x. k> . wmmm^m^mt^ 

[0 0 0 21 

St^t)^:5:flJffl LfcGMR (giant magnetoresistive) $K 

mmmn*&iai-r?>h<ox'foz>. 

[0 0 0 3] rc^ty/^yilglfii, gmr^ 
[0 0 0 4] itufEx trv^/u^»glSl^tt, 

[ooo5] mmR^m^mtm^mamtnt^Lxm- 

[0006] 7U -m&m<omti-±. ^<omm^M^ 
x-r?>*-foit>iMx^tLS 0 50 
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[0 0 0 7] Huf5R3£8£<t4Jiia4. Fe-Mn («--^ 
V#>-) N i -Mn (=y^-7Vjfy) 

S„ 

[0 0 0 8] 

l^iot^t <ft4v^ k&t>fa<o1z e 
[0 0 0 9] StrlSRSft«ffiBltP tMn^MOTL 

[00 10] L^b^^fj^nHS^iKttStSSattJgi 
l^lttl^tS WttW^wgfi:^ 1 #1 

[0011] #*Wtt±tefS*©H«&#*-*-5fcie>0> 
*) fcMnfc&£#^5R»«14#W£fflv\fc.»-a\ 7C 

[0 0 12] 

mm&mte. tc^x (fcftxit pt, pd, ir, 

Rh, Ru, O s <D5 *b HI*/cfi2S£i.±<£>7C5ii T*fo 
[0013] T-#38W-r*w 9 3<IfEfef B «i# t Ht, 2 

&m.itm-t $> *> . 2^<nm&m.<DT$x\ 
:;t- (&mttn<D®im. ( b wxiR«f»tt (i 9 9 2¥ 

2^2 8 B^fT) ) <D&5 8Mia* f#^«i#J W-0iJ 

t i.xM&m&fi s &if buxte*). — «wic»**ainc 
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[0 0 14] 0 2 6l*#3!e^l£*3tt£*fc 0 >'<fr7Kt: 

*mwm (t em) t«jtfc?»T*fc^ t<Dm^m 
[ooi5]«arm^, siSi/Ai 2 

0 3 /T±fig • T a ( 3 n m) / KW+JNiao 
F e 2o/R3*BSttJi : P t 54Mn 4 6 ( 1 5 n m) /@£ 
8ttI[Co (1. 5nm) /Ru (0. 8nm) /C 
o (2. 5nm) ]/»ttWl:Cu (2. 5n 
m) /yy—m&m ' [Co (l nm) /N i 8 oF e 20 10 
(3 nm) Kg : C u ( 1 . 5 n m) /T a 

[0016] fflesafittttA. &£xfm&m&m<DtitBL 

/$K<0^lC{$ffl£ix5A r ^f^^^ff^3mT o r r 

[0 0 17] ±EbfcBt«j«S:*^S^fcrw^uyKS:20 

2 0 0tEJl±^Pfllj:2^W±Tfe5 o ^ftft^SX 
1 0-?T o r r t Lfc Q H26 iC^c-f-SiBa^R 

So 

[00 18] @2 6d^t>MJ:5(-, PtMn 
5 0 rtiteiulEP t Mn^MJ: 9 t>±«fcj§?jSfc£ixfc 

[0 0 19] -*E2 6l^t±5lCs PtMn^B 

[0020] *\,xmmwL*m®L&t^n\a^ suiep t 

[0 0 2 1 ] r:T*i2 80«SBIS:#Rg-r5i:. 

^^?FM^tifclS B e p*i# (5) fc, mflEP t Mn^M 
iOtiWo^li^WrtlSixfcttfttk* (1) (2) 
(3) fctt, PtMn^M^ ^<D_bOJi t (DftffiX 

^mmzte^x^zz k&t>t>>Z> 0 

[0 0 2 2] rr-CHWBtt»tt# (1) (2) (3) X 
(5) 2ocO^ B 3 B fiz^^^^ ) ^ B «^i^^ :oT ^j50 
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-2f, iBifMftJt (4) (8) (9) (10) JSitf (1 
1) lo^SSrtt, llR-7-E5U39S«lffiS*»i:3fcS 

[0 0 2 3] jffiSj|gifMftjl (4) (8) (9) (10) 
isXtf (11) t>, mliSP tMn^Minifto* 
«^JB«$tt^:«ae# (1) (2) (3) t^ffi-C^ 
Soffit ftoTl^*:: k&t>7b*Z> 0 

[0024] ^<D£?\z.fc&m&micM&&titzm£k$L 

ftSJDRBKovvrWu «-C%*t5rtlJlt5*, 0 2 
0. 9X104 (A/m) S*<OX***«*39S#5>n 

fc. 

[0 0 2 5] &IC0 2 7tta3fe*CS3H-S^tr^<^^B[ 

n^-wmm (tem) -xfwwufcw-cfco. 

0^0 2 9^S*LTV^o 

[00 2 6] JBHS/£i: ITfffl^, S i 3SK/A 1 2 
Oa/Ti&g • T a ( 3 n m) KKt^Niso 
F e 20 (2 nm) /R3*«ttJl : P t 44 Mn 5 6 (1 3 n 
m) /@M|[Co (1. 5nm) /R u (0. 8 
nm) /Co (2. 5nm) ]/^Ktttni:Cu 

(2. 5 nm) /y^—m^M ' [C o ( 1 n m) /N 

1 80 F e 20 ( 3 n m) ] 5/ ^ Kg : C u ( 1 . 5 n 
m) /Ta/Ta»m TfcSo #:fc<frJBKffittL;fc. 

[0 0 2 7] Ji|2Life:*%M^*5Jt5^tfWV^|R(0 
R*/#i:tf>ii^tt, PtMn^M (SSfiKttJl) OP 

[0 0 2 8] WIER3S»ttJB. *5 ± WH^attJBOfiKBt 

^IgiCffiffl^ixSA r ^O^ffiS:0. 8mTo 

[0 0 2 9] ±|BLfc^«^^^i-^^fc: 0 V/^u^^ 

2 0 ox:$i±xmm\*2tifffl$x±xhz> 0 tftsmtomM 

g|S:10-7TorriLt. H 2 7 lOTtSifli^li 

[0 0 3 0] 0 2 7frbt>ti>Z>& 0\C^ mmjjfa^p t 
Mn^Jgl^BulEP t Mn&&m<D±lzMf$£tltc&m 

[0 0 3 1 ] 029 (^)SSi?r#it^ fc , PtMn^ 
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IS, ffffiSrHV^fefttt* (6) (7) ds^^nrv^ 
[0 0 3 2] ^^oflu|5^ B B B ^# (6) (7) ft, 2o© 

[oo33] m 2 7 (c^-r^igm^^^x^^*-r ^> io 

<, 0. 24X104 (A/m) SScO^M^Wt 
[0 0 3 4] ^±^,t ^t-^P^^^^TNS. 

«aajE j ^R««Wn. teivmiBsasattas »««= 

[0 0 3 6] 

*«*f*-C«rSBS»KttJBSrJ*Ki-Si:, B2 9-Cftfc 

L^»i"V\ 30 
[0 0 3 7] *ffi-C<7>«f B 3tt#dS^iltti: £*Lfc*«W 

JDR-?-H:3MKttJl A*3g(c3ft@{cj«i*: £ jxT i <h 
[0 0 3 8] #*B^Oj«ft«^j&Sigtt4: $ jxfclt 

[0 0 3 9] Z^fe^lgW^ttSuieR^ttSOfeBlSL^ 

*3 v >T^iSj|*/^«li <t ta o T i\h,tf J: v \ 
[0 04 0] *fc«rlER3fi»tt»4:»»tt«^tt*ElR] 



8 

[0 0 4 1 ] WfES»«tt»X 

LV\ mjfBtl 1 l]B*tt. 5 7-«««rffl^T*L*: 

flffi^tattABIctt (111)®. (-111)®. 

(1-11)®, (11-1) (-1-11)®, (1 

-1-1) BE, (-11-1)®, (-1-1-1) ®tfSfr£ 

[0 0 4 2] fc*3H 2 6 fc ID 2 7 iC^i-afflS^Sffld* 
¥?T^*fR)lc[l 1 l]BOt&^jSS^^btt, S3£fi£ttJi 
&l«fc8MH*t>tt:. KBfc¥fTft#lRjfc:[l l l]®<^ 

[0 0 4 3] roj:5Jcrac*«*jej|BdSRMl«tt* 

^ftS* (AR/R) «r»^wtdSprtBT-*>§ 0 

[0 0 4 4] Sfc*JW!HU £ %Btt£je £ *s 

^LT^/££*K SW5R9a«tt»i:5jl«ttSi^#B^ 

!E#®£«T^fa^[l 1 l]ffii:LT*SJi5*f4 
[0 0 4 5] SSSKttStt, fftl5#ffi£ 

^t?^^iRj^[i i imt uTs*tt5^fls/cC«sB^ 

«fcEfiL,T^S 0 *43miaRSS«tt»Sr[l 1 1]BE 

[0 0 4 6] S3S«tt«t-^*tbfc^* 
< t-^o^^^^ H B 0 «^^HtlE#®^^tTic^ 
£*tTl^5J&S, -ttLtt02 6*5<fctWIl2 8 «: jL*Ui9! 

[0 0 4 7] ~Ttj:t>hffl 2 6 *5<fct/IH 2 8 0 

tt, (4) (8) (9) (10) s 

1/(11) asguvrv^ 0 *LTrft5>3Sl**#tti^i" 

[0 0 4 8] ^tz^^X\ M2 6lC7jk1rmmi&kteMo 

B&Sifitt^ffittff (TEM) Lfc^SESrB 3 0 

[0 0 4 9] |R«fi!tttT** Si 3£t£/A l 2O3/T 
liI:Ta (3 n m) KWt : N i soF e 

20 ( 2 n m) : P t 49M n 51 ( 1 6 n m) 

/l^ttilCogoFeio (1. 4nm)/Ru 
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(0. 9nm) /CosoFejo (2. 2 n m) 
ttflBJB = Cu (2. 2nm) /7!)-«ttI:[Co 
9oF e io ( 1 n m) /N i 8oF e 20 ( 4 n m) ]/T a 

(3nm) T-fcSo JfcJSjSSttrtwSkfflEttlSWSr^Utri^ 

fifeJttta t %T*fo-5o 
[0 0 5 0] *5J;t/H^«tt»«>^ll! 

fiK)K<OgStCftffl$^t5Ar^f^«?^f^iISr2. 5mTo 
r r tLfco *fcWBRaiiaittJi*rJ«Bt+5i:#» £K 10 
h?—?y hffi<omm$:8 0 mmi Lfc 
[0 0 5 1] ±Sbfc^«J|g*#-r-5^tfV^/wyigSr 

2 7 0°CT*^WI44B#Fflr-foofc 0 
1 O-'To r r t Lfc 0 <D||i60)J-mi2l 2 6 cot, 

OfcPtMn ©JHj«Jfr*»ltff , J*Bt*ft* 5. 
[0 0 5 2] 111 3 0 t^tSaiT-iai^Ili^ ±15 

&xf&mi3Emt&. MtfiT^KWiti 1 i]b 
*j«*EiRi ltv>5 r t a*, m^-mmmm^x *> *>a»o 20 

[0053] El 3 1 fi, H130 IC*tTEM?K©«a 

[0 0 5 4]-*, gEKSftWLfcJ: 9 dig 2 7*5 J; tfH 

[0 0 5 5] *mm<0£ 0 KSftKttM^SKA^j^ 
£ix, HfjfE^^rtld^Bl^^gfjiE^Bt^^Tlc^SO 

m&Wt-trftZ Z t &X% S„ i3 0 l;:*-f BHBfiRt?© 
*t)9. 3X10" (A/m) T'fco 

[0 0 5 6] fcr%T«nE»*«*ttriWER»B:*SV^-C 

[0057] &&mxn^ f&m%:mzm^xwimR%6.m4o 
tm±-r z> it nb , z cote+m zmmzm ax t * ^ t > 

tfcttSaattJiroB^is^FaiiJ*^**^^]*^^*? 
fm^SB^Jd^BB^fc:^^ L T ^ < r b xm^i LTV> 
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5 r t He, ^fcl^ifflaSrJS Lfc b # KttlM:KttaSj& 

[0 0 5 8] £^E£S^Jifc»«^*©JMBttifi 
nftlE#ffii: WSc*lSU-«?-*sSiB5«]-rs 

t ¥n#:£fa<-J^#SE?UT*#&^i i-Jifc>*># 

m&mm-awi&ztiti'Q-rzox&z. 

[0 0 5 9] tz&fflidM&mm-i. El 2 6 3 0OJ; 

5 urn c^fsrttc^^stts t ^ix-^nosft 
[0060] !fc*3m 3 0 d^-rnte^joRssattn^u! 

M,mmz. mm&f§icMf££titc®.fttteftmx^mm 

[00 6 1 ] %.1t*&WX-te. m%dMM>mftkM&Wm 
ra<£>F*3#li, 6 8° 6" KK'fciit^ 

**Sllc«ftf<c[l 1 l]ffidSffi5feS2l6]-rs„ 
[0 0 6 2] flflIE3Sfi£ti^{4, mIIE# 

ffit¥tf^^l6](c:[l l i]ffii:LT*Six5«if«*|gA 

[0 0 6 3] *«Wcoi o IEB(nESSSai4Ji2lV3»«tt 
g*s*^#ffii:^=?T^|pUi[l 1 l]Si: UT^^HS 

&mz>z. t&?imx'ibz> 0 

[0 0 6 4] &it*&WXte, HUlSS^tiStt, 7i.m 
X (fcfc'LXIi. Pt, Pd, lr, Rh, Ru, Os 
£0H ia*7tl4 2ffi^±<07C*T*fe5) iMnilrt 

[oo65] 4fc*^p^x-(4, ±ie<o i 5 ics^a^tt^ 

fc»«tt»©ttffii:5Pfi 1 **lRlU:i3»t5ttftElRl*s[ 1 
1 1 ]ffiir LT^^ixS^ffi^Blffit/iS i 51-, fifi 

[0 0 6 6] *^0^T*(4, BUlE^M^i*, T*»5>R 

•9, U^tHtilS#ffit¥tf^|fi](c:[l 1 1 ]®i Lti 
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[oo6 7i ^(dx ?\c&&wx-tt&&m&m<DTM\c 

[0 0 6 8] *fc*»W"ett, ituEv— - KWtfl N 
i F e-g-fe, N i fcS^HN i - F e ~Y&& (fcfcb 
Yfcfc, Cr, Rh, Ta, Hf, Nb, Zr, T i frb 

-c^e5c£*l£ r. t uv\ io 

[0 0 6 9] * fcmflBV— KKt(l (N i 

1-xFex) l-yY y (x, yttJS^-Jt*) X^Zths 

0. 5BlTTfc5rt^U\ *fc«HE->— 

[0 0 7 0] *fc**W"Cttx Stf!S>— KWt^TI- 
tt, Ta, Hf, Nb, Zr, Ti, Mo, W<D 9 h'P 

[0071] *fejc:*«wrtt, «riBS^8tttst^-2o 
[0 0 7 2] ^:5t*^rii JifBUfcJ: 

[0 0 7 3] -r/cCfct>*«P^-C«, K»««=«U:«/*<* 

[0 0 7 4] *fc*55W-Ctt, WEKSSaSttJBtt. X- 
Mn -X 7 (fcfc LtuIKX' Ne, Ar, K 40 

r, Xe, Be, B, C, N, Mg, Al, Si, P, 
Ti, V, Cr, Fe, Co, Ni, Cu, Zn, G 
a, Ge, Zr, Nb, Mo, Ag, Cd, Ir, S 
n, Hf, Ta, W, Re, Au, Pb, 2fclMfr±S5c 
3Rc0 9*>ia*^:tt2aJ&L±e07C*T*fc5) XMf&Ztl 
TV>TfcJ;t\, r<E>4B-3\ MEX— Mn— X' 
tc* X M n t XffitfL £ ft S £P*5t&^ tf> BRRfl SSI X ' 
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«tt«io|fffi«cfcv^, «rE3»«tt/i<aJBR^E*JI£# 
Lt 1^1 (:#CL^v^E?iJ^t5r t^WI^ 

[0 0 7 5] *fe*55M-e«, ffirE5c*XJ>5V^5E* 
X + X' Ojffi/SJfctt:. 4 5 (a t%) «16 0 (a t 

t), fi^^E^xfc£vM35ci?fx + x , <a*&$;tf:as±E«6 

^^^^^(Hl. 5 8X104 (A/m) g 

<te, ituETG^ Xfo^VMS^X + X' (DffifigJttt, 4 
9 (a t%) «±5 6. 5 (a t %) OTT'fe^o 
[0 0 7 6] *fc*38WCtt, H&IES^tt^tSSatt 

[0 0 7 7] ±ELfc£*Jie^«£«*fc 
[0 0 7 8] R5*«tt/I*, r<&R»«ttJl 

t , tuE^ y -B£ttSo«^*-rfiiSritrE@^att«^«s 
Es^attii * ^ (ommmm t & itm $ tit^mm 

[oo7 9] R»ittit, roraa 

jgjKtta {c^sstt* w« ltm $ nfc y y -at* 

^i:^^rU. «TE7y-«H4«^±«*fcttTiWlc, h 

mfE^y-ssitso^b^-^rpjjc^tt^r 

[0 0 8 0] 7y-«ttSO±TJd«a 
£t%tc#mvk<pmmk, -*r<z>«rE*StttfH»o±fc 

- *o tuE @ j: m jzm&m <o t 

e^ y — «tteoa^b*r^*t(rEH^flSttBo«^^i*j 

±Ebfc2flf»e^BI^J:!9«j«*ixT^Sr:i:S: 
W&h-TZ>h<DX1hZ> 0 
[0 0 8 1 ] »tti^LTl^bjx 
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[oo8 2] ^tc*mw^&rt%mwm^y ra, ± 

[0 0 8 3] 

BS®ftiJ^b^/c»fBll]Tfc^ 0 ft*5. ilt^X*(S] 

[0 0 8 4] r.coi/^^^ if wvi^SKM&Sta* 

**ft^<0K»«#&*Ui^SfcOTfcS o ft*3, 
Kv^ * * ft if <o«fttE«BlE* ©SW*iR]tt z ^rpj-efc 

[0 0 8 5] aiOfttTlJl**$ntt^^lJTa, 20 
Hf, Nb, Zr, Ti, Mo, W<D b h 1 m^fcfc 2 
aa±<05c*ft^^*«tt»»^«J**HfcT*ft« 6 T- 
fe5 0 ituETiffi/1 6 ^±lcM*^->-KW 
f22(7) (111) ®t LT*£jft£^«ft*SiIIiffiS:, 

[0 0 8 6] BffE>>— KWt2 2i3\ ±£ LTE^S 
^Ja^b/S^ HtrffiS^«ttJi4 fc(7>#ffit^tTft*l6l 

ftSWK {111} ffifc LTS£;h,5*ffift*Sil&D5 30 
^ffi^feiafpI^nT^So WE^— KKt2 2tt, Ni 
Fe-g-£u Nifc5V^Ni-Fe-Y^* (fcf:LY 
ft, Cr, Rh, Ta, Hf, Nb, Zr, T i #>£>il 
li*ta^ft< t h li*fctt2iH±) , N i - Y§4 

[0 0 8 7] ft*5tffE->— KKt22 te, fflj&zU* 
(Nii-xFex) l-yY y (x, yttlS^Jt*) £ 

TRS6«Stt«4Xt/-tO±<^«-JB^[ 1 1 1 ]®oM5fciS40 

[0 0 8 8] r^tt/^^ffij 
Srfflv^T*bft:jHfi»^ffiSr*L, TOECl 1 l]ffitL 
T3l£ft3^« (1^) ftJSSi&Ei LT^i (111) 
ffi, (-111)®, (1-11) (11-1) 
ffi. (-1-11) E (1-1-1) ffi, (-11- 
l ) ffi, (- l - l - l ) i^f5 o 

[0 0 8 9] -^ft to*>*3l59J-CW\ + 2 

2tt (111) -t*Lfc««ft (1-11) 
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[0 0 9 0] *fc*55MT*ttBtrffi^- KWt2 2(2^ 
2 2*»iTC#»te£^5;:£fcJ:!K St»^*S*»tt 

tc£i9, ituEv'- KWt2 2<Dit}£»t«r^:#<-r5r 
fciJ-C*. W««^e>«EixS*^««E<oflftE^KU' 

v***^— K^t 2 2(c^SKL^-r< ft£<fc„ ffi 
ijikitm (AR/R) ^fiT^^/^^V/^X^ 
«£lc3g^#*L<fti\, 
[0 0 9 1 ] MEv— KKt22 Sr*«1*-e?Kj«-f 5 
±Eltfl-«<7)HNi-Fe-Y^ (/c/cb 
Yte, Cr, Rh, Ta, Hf, Nb, Zr, Ti^b 
»fi*l**J>ft< £fcl«Sfcf*2«EU:) -^Ni-Y^ 

-CfctK L^tJgffii: Wft^rPj^, f^#}(c[l l 

SuEv— KKt 2 2 tt. Mx.a3 0ASS 

[0 0 9 2] TOES'— K^ + 22 0±«cttSafiflSttS 
4«Sii5o «tTER3Sl«tt» 4 ft, tc^X (fc/cb 
XJ3. Pt, Pd, Ir, Rh, Ru, Os^Hll 
Sfcf*2«£Ui<D7c*-efc5) i:Mn tSr^*"T-5R5S 

[0 0 9 3] rtlbSMTti^V^cX-Mn^ 

lc£t&j£^a# (Hex) £*£<^#5ft^K5fc««fe 
*t#r£ LT*ftfc4*tt«:#t5. »K6&Sot*0> 5 *> 

[0 0 9 4] 4fc*»WCtt. HuER5fi«ttJB 4 Sr5c* 
X^Tt^fX' (fcfcbTC^X 7 fit. Ne, Ar, Kr, 
Xe, Be, B, C, N, Mg, Al, Si, P, T 

i, V, Cr, Fe, Co, Ni, Cu, Zn, Ga, 
Ge, Zr, Nb, Mo, Ag, Cd, Sn, Hf, T 
a, W, Re, Au, Pb, SU ! *±SH5c*0 5 1 S 
*fctt2a£JUb<D7C*X*&S) irMntSr^ttSS* 

[0 0 9 5] ft^SuETC^X' tcte. X^rMn t T 

[0 0 9 6] gAS©@»$>5^(itMi^i:t5 
r^r% StrEx-Mn^&Bt^lft^Sfticit^r, huE 
X-Mn-X' *A^» : ?-«»Sr*:t<"r5i:i^-C# 
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5 r t . «rfBR»»tt« 4 t @^af£Ji 3 t <nw 
xmrn-tzytrnx' zmm-tzm^te. mmytmx' <d 

^£<ftoTL£5 0 #(-#3§W-ei4. «Ag!T'@® 
L, ^^^^<D^1S^5tm (Ne, Ar, Kr, Xe 

tt^<ff^i^ri:^^<, Arft^: 

r*. **?9is*h Lxm&7&*hx'<y*mmftKmA 
ztiztfxx&t). tfxj£&miE\z.mm-fz<D&x\ & 

g,\Zs I*(-Ar ^A^iir^r ^m^o 

[0 0 9 7] ft3o N 7C3RX 7 ^^f^^(Z)7n^^fflLfc 
#^lcf4, I^^ieo^X' Sr^*-fsr tttHJBI 

[0 0 9 8] **5**Pfl-ett, »*L^fl»|E7G3liX' (£>20 

ifi/StfEiara:, a t%-eo. 2^bio-cfc^ 4:9£?£ 

L<*4, a t %T% 0. 5^b5ffe5o ^tc^^mX 
f4ituia5cSfXf4P t L< , 4oTPt 

-Mn-X' ^^ttfflt5^^W^U\ 
[0 0 9 9] ftfc«lrlEE3ft8M4Jl 4 <£>±ta4 3 SIT*^ 

[0 1 0 0] ttGBeBttM3^ Colll^Rug 
12K oil 3 txm&Zti. SuEK3fi8£ttJl4 <btf) 

OWIuRuRl 2^ltffl< RKKYWS5SKttfi^30 
tcJ: <9iul2C oil liCoBi 3(0«ft*|Rl«:Sv^c 
EWTHKIgK^nSo r*U4. ^b»57xj«tt»d 

« Lfc««Bie:-e# , * fcmiEH^att* 3 1 R&m&m 
[oioi] 3i*3mriECoKi i nm*L& 2 oAmmx 

Mf&tSti, Rugl2lt8AgST*MJ^ Coll 
3 14 1 5AgSt*JH5 0 

[0 10 2] **3«TlEH3t«ttJB3tt3JlBt-t?JK**iX40 

ft<Tt>A<, PJi}»lKT«^titt)J:v\ Sfc 
§111, 12, 1 3(4. ±IEbfcl8ttW^«^0«-^ 
(aotMtrt)J:v\ fi«Jx_«ffifEai 1^1 3(c 
(4, C oOfS^MC o F e t£k*&m#lX$Z> 0 
[0103] WlEH«fl«t« 3 ^J:Klf4#««:4 , l!BJB 2 

xjtmztixit^o tete^mwiztev &m%mjtib$m 

f4. #Jxj4a 1 2 o 3 «o|fti»tt**"e®fi8:*n5o 50 
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[0104] £bicm^#M\±*mm2(D±ia*2mm 

[0105] tuiE^ y —m&m N i F e £^I 9 
Kogl0O2lt«^W 0 mi l-^-TJ: 9t-mf 

isc o 11 0 2 1 «-r s«ic»ijtr * r. 

tic J; 9, i!ulS#«t£4^;t 2 £0#ffiT*0&JR7cifi^ 
^tefcS-i^ihb, AR/R (ffigt^b*) £*#<lT3 

[0106] ft&itfllEN i F e 9 t4, #JxJ4]tijf5 

N i £ 8 0 ( a t %) . F e £r 2 0 ( a t %) £ Lt« 
^t?)o *fcil81EN i F e^4kK9 0lK»Sr^J^fi4 5 
ASS, CoK5AgStMt5 0 

[0107] Hi (c^i- x b KiulE:? y -flttfe/B 1 (D± 
iC(4Ta, Hf, Nb, Zr, Ti, Mo, W(D 5 h 1 

»ae 7 a^/££*LT^5 0 

[0 10 8] $ fctCHulSTifiii 6 7 *t?<OS 

#|cJ:oT7y- ^ttSlco^bf4h7 5/^*I*lR] (0 

[o i o 9] ituie^— hv^r^is, 5*4, Fi)x(4c 
o - p t (3^h-a&) -a-^c o - C r - P t 

( 3 ^h-^oA-a4) ^&ft^^/#£*LT:J3 
*K *8S8, 8*4. a-Ta. Au, Cr. Cu 

118, 8 {4, 7 V-m&mKDTMk, SMttl4 
oiWtc^tix^ixJgj* $ n 5 r. t tc ft ^5 0 
[0 1 10] ffc*iHT14, ±15 L/c 7 y -Iftii 
^iWfc 5 v M4*SStt^« <7)C u , Au, A 

[0 1 1 1 ] SAiMIBfi^KJI 7iC(4. Ta/^»W!) 
* LV\ 

[0 112] «re»<;y* KJi^jg^gcixSr tlUo 

up spin) (Da^^fettS^piSafiXS (m e a 
n free path) ^®*4L. V^^>5^t°^7 
^yU^— ^j^: (spin filter effec 

t) icx ^\i°>y<^ymmm.m^-^^^x, ^#fts 

[0 113] ±1ELfc#«S:a«L*:«. *^P^T*(4Hft 
*Qf31Srlfi LTSSfiBMtS 4 <h S^a^l 3 fc co^®{^^ 
(Hex) Sr5S**-fr, X V SfilEH^ 

itti3(7)Wk^/^ h^-i^ (bi*y*ipj) 
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f4. «T©±5*JBfiBl8]«: : *rLTV' > 3. 
[0 114] flWffiteftElfijlcoV^TI*, ^(c^^attS 

t&m&m m&m.&m) kxnmztiz&wgi&mz 

[0 115] *^BjT'l4±IBLfcJ; S5Sa+t«4 

KW ir 2 2f4, ftS?#Jlc[ 111 ]ffi£ LT*$*t5^ 
«4»fiB*ltBl::«*filSlt5 ± 5 K»J* * ixT ^ 5 

So 

[0 116] 0yx.tfV— KU-W-Y2 2»4, RIi¥tf<C 
*fRj|i (-111) B/5Sffi&gaiS)-r34§-£\ mrl5->- K 

Jjfaic (-111) ffi^«5feEl^i-5. 
[0 117] $ b«-B«!SR?SattS4 0±^fig^ttS 
@5&&ttJl 3 t*fcmrf5K5*m'ttil 4 km 

[0 118] *>*359i-ei4, K -TT 2 2, 20 

K:, {111} UTS^iXSI^CWig 

[0119] te*>&mwx'^ mmmffikwftteijifiiz 

n53Hffi&f£s B B®T-fc5:: £^0* LV^s, -tL(4H>JfE 

T-fc5[l 1 l]ffit Lr«^H5^ffi^B%B^ffi5feBB30 
XJbZ> 0 

[0 1 2 0] *^^T*t4i <D± 5 (-S&Sft&i 4 

ffi-TS, foSI^C/g B a BlS<0'>^< i t>— SPAS. BffiEKSij 
B£t£Jf 4 &t/@5&l&t£JI 3 frSV^I-m^S^lSjSrlSlV^ 
tl^OT'fcS (E114#M) o 1 4 T*t4, 0>R 

(4(111) Ert(d#«-r5 [110] *(Sj*s, HUIER40 
3&«&ttJl4 t@^tt*3 t-eav^cH/jrS^iPj^ifejv 

[0 12 1] ro«t 5**S.rBiBl6]£r£e-5I*@<t tt 

(4, BiriEs^att®4 <>;@^tti3 k*tiLm&i% m 
mmm k^t, tmtezwmx-i&m^tctiMcfcfrir 

[0 12 2] 0y*«RM«ttJi4©#«Rtf*aj«Jt*il 
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[0 12 3] 2^**-> + ;utoKfiyg£*t.5i* 

iti4t s^j&ttJi 3 k x±x<om&jjm>¥-ftm&$: 

BS14J13 t(D#®T-(4, ME#ffit¥ff^lR){c|^i:^ 
K3ii8£t4Jl4 i|fl)4l3 k<DhZ>m-<D 

4 (ow-^^n t m^m\±m 3 ©jr^oe^j t # 1 *t 1 
»i*rj^u j ? s -r<^5 (mi 5 mm.) . st-tejr 

^W^fi»JtUT, (111) [110] 

ksmh&i 3 1 kmm&m 3 0 kxm c^r^^r 

[0124] ^^eliHfpj^iRfeStuoSPtT-^ 

[0 12 5] *^B^T'«4, _LlE«<fc 5 ~> A- 

m£ntci><ok%z.(t>*i. ^(DXotM&mvtmx'mmm 
zm-fk. wm&%m&m 4 timfem&m 3 e>jgA*i& 

\£%>tfz>x\?>'<ji'7'mv>mmm&m.m-r%k , mifes 

5£S£t£Jl4 kmfeM&M 3f4. ^Bt^fr&^rfcJKS^ 
icla] c^tf ft** ABasftftEft b t , BfflEBUB £ 

14 i 3 T¥frH«*«fci\ r W^*, 

MIE^B¥ ;; fT(c:EtRlLfcml!5^B%E^(-#ifci--5, fcS 

[0 12 6] *%BJT'I4. ±IEbfcfe B B BEr^4-^i:$-yr 

u-f-^2 2SrfStv^fc: 0 HSlcItt^ L-fc4 5 >— 
t2 2^gStt5r.i:-r'mIfe->— KWt2 2±(c^/&£ 
^SS3fifi£tte4SU5@^jKtt^3l4I^Ei: Wi^lS) 
(-PC^tf^^B^S^Et^L, r©±5*i»jWlElRl 
(4. *#fc«$iggfl:«|s (AR/R) Srtfct>1- 0 
[0 12 7] Sfc*^gB^T-i4, S«JlES3Satt^ 4 22:t>'H 
^attB 3 wKB^PtT^^tpJlciE^i-SmJfSifeBlBrtt- 
fc?)|5lC^ffi^B 3 BW(7)'>^< £ t-g|5»42 

#&I4, ^a^P&T-mllEKSSattB 4 tt@£Bit£Jf 3 

t&^d^^SiJtBt LTOC u Au - I S©ffi4>jE*fe^- 

\zmmz.mmi.±h<ok^7Lbii. ftmat^xxzte 
&m£&mft&nzz.ktfnsf!zx'3bz> <> /«cfc*»wc 

(4. ISitea»tC*3V^ B tffSS5Satt®4(D^^< t t — 

gB^.fBlSigtfS C u A u - I fflroffiif jE*SIU*^- £ fc 
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[0128] EITOi o t£t&&ffl&% 

[0 12 9] -ftj:t>ib*&mX'\*. ffi&V)«iffil£%Lt>iv 

[0130] ^^mr-m b mm&&m.%- tn. 20 

2 8tOF-m# (1) (2) (3) (5) ft, #53"J 

^*H^H^SrJ%/c^^HU#W«#T-fc 9« 028 fc^ih 
*fcJM4) (8) (9) (10) Stf(ll) U*tO 

[0131] 13 2 6 , 28 (026 
3t (TEM?X) , HI 2 8 fim 2 6 |OTt?*<D«S 
0) i:*ti5i;«eiftt, P tMn^I (R3£E£ 

tti4.) imm2titcf£&m.& (4) (5) (8) 20 

(9) (1 0) SO 5 (1 1) <t, MlEK3&e£t£JI 4 ±J1 
tCffM^Hfc^el^ (1) (2) (3) SulE# 

^^C-5*-&{c«, Htie#ffi{c*3^-CS3Satte4C0BI 
i^^Sii, @3^fiSttS3(0)Kffi*|n]K)feBlBi: 
fc5I^C<3Mffi&3£BB#<D'>&< fc t-gBtf* 

m#iJi: LT^(ffcE13 0, 3 1 (C^Tt, K&SSttS 

mt. m&^kmf&zthtz.m.&kRwx'^mmx'&z 30 

[0 13 2] 12 6, 28. 30, 31 {C^^SWifi 
H:, Jfctfctfiji LT3&$*l5|g)2 7, 2 9 (El 2 7 fSMi® 

mi-mmm-M (tem?d , m 2 9 ttm 2 7 (c^-t 

^KroH^E!) (ill fj^Cl^s r t 

^*3/!i>5„ H12 7, 2 9TU PtMn^M 
tt!4) (CJF^^ixfc^BB^t, PtMn^I©! 

4 tf>^w±OJlK:;6>tt-Ciiuf2#E&»< 

[ 0 1 3 3] &3&m<OX 5t-Hl2 6, 2 8, 3 0, 3 1 
J: ote&ghnRZftir /£ 
^©^lci6^TBtrfeR3£Ktte4 tit«l3i:IJi 

10 13 4] *fc0 2 8l:*ffi# (4) (8) (9) 

(10) M(11), i-&fc>^ 0 * H «#te. #ffii:#50 
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3OM0 3 1 «-^bfc3Xf B ^t>HfFWB#®i:^WC 

$>5ri^^ 0 & *5#3b ^ id *5 # 5 v ^-rtMonmm 

[1 1 LT«$tL^^ffi^^ 0 s 0 ®^5feiBf^LT 
[0 13 5] tetoMMihtt, lo0W©|gg^2o 

»ftSrfrx."?\ g)2 8<D*A# (5) % H3 3 0 <D$lR(D X 

[0 13 6] *«MoJ:5t-t9ISS3S«ttJi^fiE*ix 
3^®*T^c7)^ 0 0 0 D5i:^#4"r^. fcSI^C^ffi&jg 

[oi3 7] mcsMHtttS4afiUittt, *fc*ygsr«-r 
[0 13 8] wEssftattSds^aauis^^^sflj]*^ 

[0139] JtKfiSJSr^-TE 2 7 &U?[H 2 9 "C 

14, mJiES^att®{c^<^ 0 0 s ^#^M^nTVN^ 

[0 14 0] *fcffifiER5SBS<4«p^S«£^^^*ix 
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[0141] ^*5*«WT**i. 8&lB^iSI:K#£mJl2#ffi 
WJ0>rt*l0 (02 1 Sr#fiScor i:) tt6 8° 

«±t7 6° am-sr i*»*uv\ *>^*^Ei2 

8C0hJ1E^H*?)6 8° . El 3 1 <£>iiu!EF^ 0 te^J 7 5 
° xhotc Q ro«Hrt"C*>aiflttBR»atttBfi«&E 
#ffi£¥frfc#[R]fc:[l l l]a5i bT*S*t**WSftlS 

lmt \.xm£tlZ*£ffite1££km&&&&faLX^Z 10 
[0 14 2] *fc**W"t?tt, S3ft«tt*4 iH3E«tt 

t m&WBEM 3 1 0»SA£ftMU «uf5S^att@ 4 £ B 
M&«r*Ne>4>tt < <b fc-SfBttWIES3*«tt« 4 B 

[0143] *-rsaft«ttJB4 tmmma 

[0144] fifBS3s«ttJi 4 &Tfmi£m&m 3 o^ig 
9s wfcrimeaw^tt (110) s&^-efcSo 

So PtMn-^CoFe, NiFeWSSM 
(hkl) OffiPafiStt. feS8IR*Pt*5fcft, £-0 
*f«DRfc<SHB4 {hkl} *S«»f*»tS:i-Sr tds-c 

&Mim^(D%gMin<D&m<Dxmztt LT«aos> s v i+ 40 
#@*fS8E^i- {hki} 4si»eo»*tt»j 

&mm<om&<o^ x<Dfe&m<nm$x$s.&km--ihz>w* 

*f*W {hkl} Sr#fiSiJ^lHl*fa^S^tf 5o 
[0146] -t LT±IE LfcR»aStt« 4 0>jgiB«r?-*Sl 
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So 

[0 14 7] fc5VMiSfittt*4 i@^StttJB3 0j^# 
*#S C 

[0 14 8] *»W-Ctt, ffifEI3ttaEj{S<Z>5*>* 
i*g 4 ^EUf « t B^B£ttS 3 <z>E0Hfe t "CRI 

ftmti&<Dmift1kkT*KWz—&1'Z> (116, 18$ 
88 ; H 1 6 teSigfiry-iRleltfrte, 118 te[U 1 6 \c^ir 

[0 14 9] £S>K#«WTtt:, WCffl*f*H-^ft* 

miff r^sfiKtts <£> ia#rtt £ -cs v Mc-rtir v > 5 ^ 

"CfeS (Ull 6, 18#I) 0 rixtt, rfttofeBtBDt 

4 d:ifi8tti3 kxm^zw-nmmctz^x^^^z 

[01 50] *«W-eHt, 017, 19 (117 
fS^j»lHl*f«, SI 1 9 i*EI 1 7 l£;^-rfU#r^<Dm^0) 

a 17, 1 9 Ka%i-Hstt«"cr±. rac»f»c#«t^ 

[0151] *%p^T-tem 1 6 iz^-rx 0 temi&m^m 

< t t>—m*s mu^mm^m 4 1 3 1 

xK\,^cmtez%fa&fa^x^%h<nkmmxz z> 0 

[0 15 2] iot ±!5LfcSiSS-i L *ft[ElW«dq#?>n 

«ttB4ttis«)3fcaaij«iBSr3Bu-r*3 9, 

[0 15 3] ftfc*8Mt*«:, mJlSJKe^f^(cfimi-S 
Eiffel*, ft*W^ { 1 1 1 } ffit LT*^tLS^« 

[0154] ifc*««ttt, Mf5S9fi09ttt« 4 k @£ 
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^ihi^(cj;ot«sijl, ^(Dmrnm+mtsUfrmtuT 

5. hZ>mcmW£@£k$&?>'Ptt:< k h-WSK mlIEK 

%m>&m 4 1 mfem&m 3 1 x^^cmtt^^a^^ 

[oi5 5] -rt^-h^mx'i-i, BLmm>&.m * trnfe 
m\mz t<DRmtmw33\P\frhm, : f-B. (f-A) ^aio 

ift£-tt\ S3fiatt^4S.t/@^ttJ13 0-?:ii- ; E:*ix(^o 
^TI^B#(d^iH;^(el^^#5 (0 2 0^.^1212 1 

mm ; hi 2 o liRSi&ssttJi 4 cD[giffti!c>ms;iii> m 2 1 

i4@5£BSH4jf 3 roiatJHgwglitCHI) „ 
[0156] Sflf5S3Sattg 4 RTJm^^m 3 <Digi§ 

kWrrte'&M,mti (111) ffi&if-CfcSo &3o#S89! 

-m, Hui2#stsa:^*[p]»4, i j i.mm^< 1 1 i>^2o 

ft*ftK[l l l]Si L-rs^tts^«^^ B B B s-efc5 

[0157] m^ B S B«igO^-&ro^iim^lHllff 

5o S3S^ttJl4 t@^atte3(ciife^^wil^, 

mm^-mmm^ t , mmm&m 3 (Dmmm^usanm. 

vmMi^imx'Zz (1212 2 #BB.) „ 

[oi5 8] *^?qr-f4. mm\5immg.<Do-h^ 

kXS.h^-rfvf^mk^oXh^ (1212 2#BS) „ r 

tut. mmkWntexmcsiftLti&g'BmfticiftE-r 
<Dmmm^(D^fo%ifcmxi>Km&.te.m 4 1 

[0 15 9] ±|E©^B^(C*3(t?)ajil«T-^[Hl©T^ 

m2 3^^uii2 5 mz 3\*m3m.'&m<omtf;& 
(om^m. hi 2 4nm^m^m<D^\mm<o^m. 02 

5l4IH23iHI24i: £fi:fa;fo*H£;fc1g5£l2l) {Cm-Tit 

m.m<Dmmm=f-mmm^Lk am t>A>izmte srt 50 



24 

[0 1 6 0] HI 2 5 1^-f-J; 5»C fo^IslffaE^^bf 
[0 16 1] HI 2 0&VLHI2 2li*-riS 

^m^mmtfrmtmbtitz^ia-i, BLm&tm* km 
mm&m 3 nmm k w-nttfaicm cmm^B^mim 

< i i>-m*. mms.^mi±m 4tit 

So 

[0 16 2] io-CifEL/cgjiim^lHl^^f,^ 

attS4i±ii^)^s.iij^^iebr*5'9. 

[0 16 3] SX-t<V£ 5f-*^WI-*3tt-5^. tr 

»#*#5{c(4, ffiE£&tt&Jl4 £|!J&»ttJ|3 

M 3 C3»gfi«it K:»B»Jii6l*: $ *t 4 v ^ J; 5 u (t tttf 

t@^ttg3cO#ffit?V>fc^>5^«^ffitC^o-CV 

[0164] *«E**t«B i: 14. K^att^ 4 ©JS^-OE 
?"J t 3 <Dj^^OE?iJ^Hti|H#®T- 

WZ> (c(4SufES:3S^tt^ 4 ©tt^-^jftSrfltrEH^attJi 

[0 16 5] -ttHcAPx-CBflES^tt® 4^*0.3^ 
J:o-CjB«ftaflyaC*SriE* *«t*t«*b*v\ MIES 

fem&m3 k<o%.mtfi¥m-&#;mx$><>xhmmKmm 

[0 16 6] ±EbfcfiK«S»{::*3^5*aE«-««, X 

%\<^kn7Lbixz>. 

[0 16 7] R3fijKtt^4W5c*X&5V> 
t45c*X + X' C0^%^4 5 (a t %) g±6 0 (a 
t%) £(Tl^t5rtW*LV\ r^^ioTjES 

$tt. L^t>HtrES!SS«±@4«:f^«!.3glcJ;oTji§0^ 

[0168] -5: LT±E©»J«<BBrt-C^SnfcKS* 
Kt4®4^^ffl-r5itlcj;9, &Wkmk<0*\£-y'V\> 

ymmmmi-xte. mm^m^m 4 i mfem&m 3 1 

©|g*El6lSr» «Ei:¥fT**lSUcrai:<»«i<t»*ES: 
ffi5feEl«)£-ti\ L*»t>*rES5H«tt«4XVH^«ttJi 
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i±m 3 ^ B B B fe#i Zfrmv'Pte < k fc-ffTPRMKe 
^iktsr tds-cts. *fctfHEE3S«M4«4&[l 

ff 1 . 58X10* (A/m) &±0>3E*»#«#$r» 

5: t^Bifg-cfcSo io 

[0 16 9] 4fc^0^-pii. BtFlBTC^Xfe^V'ttTC^ 
X + X' (0^%Sr N 4 9 (a t%) y±T*5 6. 5 

(a t %) EAT»-^i-Sr t*s»*LV\ ^tL(Cj;i9 
7. 9X10" (A/m) Ul±0£&ij££-fl£#<|:#5~ 

[0 17 0] *fc*tt^tt«ISr»j5K-*-5«cl[S*«nEj* 
milER3Si^t4g 4 . 3 £/&M-r 

5lg^::/l^^e>*^5 a r ^je-^, mt&m&ft. $e>^« 

flWBR3»«ttJi4S:j«IR-r5BR©S*i:^— i^y MB© 

sgfii, sisas, ifi/wr^SE, riuiG**fc£-os>2o 

5. 

[0171] &&WX>tiWx.t£1ftt£,A r 3 mT 

o r r ii-S„ *7tf|&#ySia«£:2 0 0X;£l±X3 0 0 

■cerFtu m^m^m^2mm^±x'i o-^to r r 

[0 17 2] tLtt&WX-^ ^tELfc^BliaiSj^^ri- 

[0173] * fc_Li5 \^tz.w.mmm 4 1 @feM&m 3 

2 2 irK3S^tt^4P^lctSSiJ^tL?.o 1-4tot>iWES/ 

lE^^ffirtlc^ft-rs, fo5|B]C^«^^ B |#^>/i< 
tt-pT5*N ftfjIEv-- KW-lr 2 2 iS3$aH±Jf4 tf 
2 V - ^ t£ -5 * ft £ ft V > T ^ 5 „ 

[0 17 4] *yb^J?*(6jtiPtT^rBj»»fffi{o*JV> 
t\ mifE v— KKt2 2 W^bI^ t BU&M'&m 4 © 40 

[0175] ;oi5 <ciefiEiei» ViBfi«ilSLiaJ->— K 
Kt2 2i fc&m&m 4 1 ©r B it#4ts t . miia-> 

-KKt2 2 i Kmm&m 4 £ <D#ffiT- fcfc'>& < k h 
14g 4 teMlE*>- KW+22 cO^flfitJ^m^n-f 

[0176] *fc**WT?ttWEK3SHKtt»4 ©JKffSr 50 
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7 n m~ 3 0 n mWffiirtfMtS; i LV\ 
r. CD <fc ? [c*«W^H:«ftKR9i«Hta 4 OBtfffrft < L 

[oi77] B2it mco^tL-iy^ymmmmi-nm 

^Xii, T*»feT*»6, NiFe^M9tCoIl 
0t^t>^57y-«ttll > ?ft8&fmji2. RlfC 
omi 1, Rufl 2, S.t^Col^l 3/&»bfi)i5B5£BS 
R3^tt«4S.Ot^»g7^g^ttT^So 

[0178] /£*5#®£D$t®^(ci|B LTfilD 1 L 
[0 17 9] m2(^^-r^f>-y<^^^^^r*i±, 

1414 tlMtt§3 tT'2V^C^5*-[pjSrl^lV^-CV^ 

So 

[0180] SfcHulES^attg 4 «t SJtBSttS 3 i £ 
B tHER^ai4@4coi^ B 3 B 3|a#tt9fE@^fi£ttS3 

[0181] rcofc*mIIE*fficO'>^< kh—m*#& 

&vtm&&n>. mmR^m\im4c±mmmi,cxoxmw 

teM$>mm&teisiix&y). 

zk&-ssmx'hz>„ 

[0182] fettSMttttJI 4 t 3 t ^^ffi 

t^^iRjt-ft^wj-t 1 1 1 mt Lxmztizmm 

^ B s B ffi^ffi5feia(S]UT^Sr.i:/45$f4 bv\ 4/cHfFl5 
^slBF*9l-*3V^T, ft*«H-< 110 >*-fP)i Ltt^ 

[0183] &.tize>mffiMm<o£ o \z.ffifc&.mmm 

4«s@^'tt®3coJi(^fiK$ttTV>-5i:#li, K 

5^-a-tc)t'<-rmlfBS:!S^tt®4Sr[l 1 l]ffigeiP]$-ti: 
LV^S, fcfc* Lfig^*#^roSiJ»lc i o Tiff 
SER»BtttS 4 Sr [ 1 1 1 ]BiHrS)^-f5r irli^T-fc 

So turcit, *^p^T'i4, mmwsmm 4 

otfitt»fc*«rl6l±i*5rc:m5i:*l:. fltflE 
itllE^ B B B Jt#i:J?-ffiF B 1cort^tt6 8° tl±T-7 6° tlT 

[oi84] sfcui 2 tc^-r^. t* >s<ju7mmmm*x' 
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sa*® 4 <D\E\$rm t mmmam 3 t -era c»» 
[oi8 5] u^t**^-ett, i^cffi*tttf-as&<* 10 

[0186] ±1eo#£\ tufS^if:^[6](c:>fifi-r^)[H]ST 
SE^I*. ft3?Wl£ {111} ffi£ LT*£;h,5*M*itt20 

[0 18 7] fc6VM4H2*c*-t"^tri/^u^a!»Bt* 
mE^flntailE^lRld^ft^-jKl (tf-A) £A 

SiftttttJi 4 <Diii*r« * mmm&jg 3 <oiiijfift t -era c 

Ji<DliI^T«^:■^Sv^^-fi^rv^So &S^tttfrlEEl«rl!E 30 

[0 18 8] ±fEtf>«£\ ME^S^fiiS&^Injte, ft 
*Wfc:< 1 1 1 >#|6]i: LT*$n*««fc*NI#<D# 

[0 18 9] ±E<oj:5ftai§«^-jtfcia»rlfc*s#bn« 
fc, R3£B«4Jf4 i:HS*ttJi3M:IBafffc3pff&3EriRllc 

[0 l 9 0] ^LT±iab/cSiim^lHl«T«Sr^-5 

[0191] ^ti 2 i^-r * tr^^^^amiiR^-c 

X' (Oj|ftfifcJtW:4 5 (a t%) JL^L_b 6 0 (a t %) 50 
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T*£>£ w tfctfr^ LV\ r*UH«fc0 1. 5 8X10 
4 (A/m) ^iO^^a^Sr^Si^^^T'fo 

[0 19 2] *fc*»^-e«, huSE7C*XS>5V^«7C* 
X + X' ^ffl/Sjfcte, 4 9 ( a t %) J£A± 5 7 ( a t 

%)»KW:^^IU\ rtUCJ: 9 7. 9X1 
0 4 (A/m) £Jl±<OXlft»-&»*Sr#*r t^pftB-C 

[0 19 3] JJc^S3tt*«W{d*5W5S'J^^tr^VP 

[0 19 41 B3WT^?)T*I6, v/-KKt2 
2. R3&&14J14, @^att^3. #«tt*fflJB2, 7 

y -ssttJi i t>mm sax-o^o 

[0195] BUlETifee 6 I3\ T a , H f , N b , Z 

r, Ti, Mo, W<D?h'PK< ti>im£A±(D7tmX 

[0196] * fcftulE >— KKt22tt, 
iiLTB6t&*^E)i9, Ua»t>RB«tt»4 £<D 
ffBi¥Rft*lRli:s l l ]® £ LTil£;Jx 

^SfJlBV— KWt22 oMR^tc^ LtliH 1 "CRW 

[0197] SWE'>— K>^t22 SrS3S«ttJB 4 

y -B&ttJl 1 fc HUlBv— K U-Y ir 2 2 £ R £«MBBftJB4 

[0 19 8] Sti3T1j:i^tti3^ CoRl 
1, 13, RuRl 2 03JB»"C?^^ixTv^SdS, ftfe 

<D&w&$imi$tixi>&<. 3 mmxtetn 

[0 19 9] lf:7 y — flfctt/i 1 Wt, N i F e^^J^9 
tCoKl0i:©2lR-e^*nt^5^ ftfe^WS 

[0200] S3 (c^-r^ tr^^^»KiR^-c«, 

[0 2 0 1 ] *fc«fER3ft«tt» 4 t 3 <b £ 

[0 2 0 2] r<^fc»«115|^BB^*< i: t— SStt^SE 
^tt«BSr»?>, WEK»«tt«4lij»«ajj:J:oTa«J 
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[0203] fcteK5*«ttJB4 tmfcm&m 3m^tw- 

H^ffidStf jfeBB[p) IT r <t LV\> ifcfitrES&SilIi 

BBrtteiSV^T, ft*WJ-< 110 >Jjfat Lxmztiz 

[0 2 0 4] ife#«W-eij;, «rES5S«ttS 4 i: @^ 

fc#im^ffitwfft*i«nteft*ttic[i 1 1] 
fat LTm£tiz#w*mg>m*&9ctiifo^ u^tffir 

r^5 0 r tita o tgRf ft?^f^]± ^ its i <b 

«TKR»«tt»4tt:iBSJfc5FafliJ»^d^e> 
[0 2 0 5] */c0 3 tC^-T^ Ify/V^iiii^'C 

# # a* & s nio tr- j»m&t>* h^tzt^ i-mmjf ft \z 

&3^®£^ir0W^,k<l:. tufS tf— Alp 
tf&ttttJI OIhISHS i: v > ic -ft U T ^ 5 0 

[0206] L*>t>*»wctiu mcmm^vfctez 

E tr-AJ3R^t fctt^*— «FER»«tt« 30 

[0 2 0 7] _tEo»-g\ BuEKff^rRji-ffiHi-^lUlFf 
St*Ht, ffcSftfc: {111} ffit LT«**tS*«ft« 

[0 2 0 8] fc£ W±EI 3 {CTjk-f* fy^/^sm 
^T*te, HijEIJ-ffitSie^rrpj^fcm^lR (tf-A) £A 
*t £-£T# bixfcSSSStttS 4 RVi^fittJI 3 <7)Sig 40 

K9fcM£ J! 4 OEIlfHfc @£6£ttJi 3 <7)[p]#t{£ £ T-fsJ C 

[0209] ±.m<om&, ffiUR&k mmtexm*. ix 
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GrCfcSK &5tM3\ R5S«tt»Xr53*«tt»o«[EI|. 
B5iTff*«»BBWt, ffcSWI-[l 1 1]®£ LTil£*i 

[0 2 10] ±E^<t5^Sia^aiHlJFf«^#btLS 

fflRRmti&m 4 tH3l«tt«3 i: "CSV M^** 5*1"] 
£fav>TV>£fco£t£$]T*#5 0 ±EbfcSia«-?i»lH] 

[0211] ^tzm3\^'t*t o >'s</uy'mnmm^ L x 

Ht. R3fi«ttJB4Sr«fiS;i-S5clRXS>5tM^i(IX + 
X' (Dffi|£;Jti*4 5 (a t%) H16 0 (a t %) EAT 
-Cfc&r. bt\, CtiKU: 9 1 . 5 8X10 

4 (A/m) «±©Saft!Bf-fr«#*r»5r. fcaST-rfBTNfo 
£ 0 

[0 2 12] *fc*3SW-CW:, MIBTc^Xfo^v^f^Tt;^ 
X + X' OffifiKJt«, 4 9 (at%)JL^_b5 6. 5 (a 
t%) SkTX-foZZ. k$mi£ LV\> rniuj;!9 7. 9X 
104 (A/m) «_t<DX«l«'&«#S:#Sri:dSpr«6 

[0213] ^ti3 ic^-rx o tcsfrE^ y -att/i i 

JitC«. YJyftiSJSfa m^X^j^l) Kh^s^tlT 

S) 16, 16«$ntv^ 0 . 
[0 2 14] ^rox^^f x y^MT^l 1 6 
ft, X-MnM (fcfcLXIl Pt, Pd, I r, R 

h, Ru, o s<Doh\<^-T1rifrim^tcte2msX-k<07t 
mxtbZ) % SSKIiPtMn^ *fctaX— Mn 
— X' (fdf£LX / « N Ne, Ar, Kr, Xe, 

Be, B, C, N, Mg, Al, Si, P, Ti, V, 
Cr, Fe, Co, Ni, Cu, Zn, Ga, Ge, Z 
r, Nb, Mo, Ag, Cd, Sn, Hf, Ta, W, 
Re, Au, Pb, ^«±l7t|0? *b lM^^cti2 

[0 2 15]«PKU buE^^^Vv^^T* 

H6i:7y -mam 1 f*j^s t Wt4*iri i^m cmm 
E^^^^^>"^^r^JS i 6^7y-Kttii <h 

[0 2 16] ^fcHuE^^^^-^^^WT^Ml 6 i: 

7y-ntn iSriWfcw<t*isi (m^z*^) 

jb i 6 <D&£km.R k wimy v —m&m 1 (om&nm^n 
m<o'}>t£< kh-m^^^x^mm^mm\^^x^^ 

[0 2 17] r^^*«TE#iH<0/>*< fct>-ffltt*SE 
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[0218] Ji^^^^^V^^T^g 16^7!) 
*Li\ ^/cmJl5S B B B Dirt{c^oV^T. ttSMKK 1 1 0 

i^wr^ii 6 t7y -flSte/ii iTBM^i^ 

5*fttftl^O>5 10 
[0 2 19] Sfc*J8Mtli, MSE^^^v^W 
7^11 6**WB#Kfc¥fr4*lft«J:«*tt»i:[i l 1] 

is^^^vv^^r^ji i 6\a*'j>te< t h— n\z 

T-Cfe5rfctfS#*Ll\> 20 
[0 2 2 0] ffcH3 iC^-T* ^WV^Sflift 

1 7 y -ma* i ^Ejifft t "crac»«(*W3&s*$ nj. 

«*ffiSr*-ria*rltt^ii:. WIEtf— ^JDK/Si: **SA/ff* 
-HEBMfttt* «ftERaa*M^Iil»rlftXV3ft*ttS«)|iI30 

[0221] vfrh^mwx^ 

IStr— ^JDS^i: SrftA/*:*— 8ulEK3£«*feJS 

Stl50T*$)S 0 40 

[0 2 2 2] ±1B*>»£\ (WBitff^rtHllttlirSiajff 
JfoStt, f**WUi (ill) B^LT«3ftfi*«fc* 

[0 2 2 3] *>6V>«S13{c^-r^tf>'/Vu^aWR* 

y -B£i4j§ i oSiam^[fii*f»«-^, *n-en<oa© 

!5[§I#rS£j(fc x^^f x yv?/W7^i l 6co[il 

Vri&tyV -m&m 1 coieI«T« £ xm D«»ft«t*E* * 50 
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[0 2 2 4] ±1SCQ4§£\ ««B*Bi:fiitt**lR]tt. ft 
*ttfc< i l l LT*Six5*ffi*j|S*tt(0* 

[0 2 2 5] ilEO^p^SiSm^lHllff^Sr*"^^^ 
^^v^vWT^Ji 1 6 k7])—m&m 1 irTSV^ 

t,zmte%jjfa&fa\<^x\,^i>(Dkmm£fLZ> 0 ^vxm 

[0 2 2 6] mm? y — aw** i ©K«4B»-ewu 

y -attii *B*x*iRik*«K-fb*ix, ^y—^tt 
Si©h7y^BTwf«oWbtt, ^SWI^Lt 

[0 2 2 7] :^J; 5(CbT?f^^ttycv'>'^/U^h: 0 > 
iCfcO* 7^^ B&tt/f lO h?iy?mTvrmi&<DMik& 

[0 2 2 8] El 4 1*, ^P^^^tt^f&O^t: 0 ^/^^ 
[0 2 2 9] 0 4 C/Tf^ f ^ W/Iilt^ tli, 

KKt2 20ll:i^^fxy^7^i 16, 1 

[0 2 3 0] mi-tt<Di/— KKt2 2Rrj^^^ 
i>^V7^1 1 6 Ktt. S i 0 2 ^A 1 2 0 3 ^^)|6 

[0 2 3 1 ] *LTHUffi^^^^i^^-<r^S 1 6 
KVI6IM1 7±^^^y-^^l^^$ttT^ 

So 

[0 2 3 2] tfflE^*^ yv?/^7^i 1 6ftfcX- 
Mn^&, $>5^ti:X-Mn-X' -fr4fe-C*fifc*iX, fit 
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lETcSiX&StMSTcSiX + X' <7>ffi/|JtJfcte4 5 (a t 
%) R_k6 0 (a t%) OTT^5^<i:^L<, J: 
«9#£ L< (3:4 9 (a t %) ^_L5 6. 5 ( a t %) « 

[0 2 3 3 J ^S^JS-rr £MJ; ^tulS^^^^^V 

[0 2 3 4] *^P^T^^^^I-*5^T, mllE^^^ 
^^/^T;*® 1 6 by V—m&m l teJBI®£ Wrio 

+£® 1 ^T'SlMC^&S^ft^ft^TV^o 
[0 2 3 5] £7cmjsE^ ^fx^/qr^ll 6 <?: 

116 CDS^Jf. <!r buIB^ y *-££t£® 1 tf>*£ B l^jm# 
3 Q 20 

[0236] ^(DtcfrMm^m<D'j?te < asi^^M 

[0 2 3 7] t£l$^? ^^-mV-i/y^-T T^S 1 6^7!i 

-*tti l fUBBt Wft*ftKift*»fc[ l 1 imt 

xy^wr^i i 6 ty v — mam i kT*m^zmt£3Q 

[0 2 3 8] '*fc*3SW-Ctt. fiftlE^^^Vv^W 
T*®1 6^«nE»BBt5FfT**iateft*«K:[l 1 1] 

^^i/s^ t *m 1 6 (c(^>^< «t t> — gptc 

[0 2 3 9] 4fclH4 C^t^tV^/^lSIii^T 

ftiWci^^faiy^r^ii 6^i^^ y — 
<t 7 y -*&t£® i <D®tftmt xm cmmttv&tttstiR 
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[0 2 4 0] L^t*J8Wttt, BC»*»it3»fe$ 

[0241] ±m<om^. HuERff^^^fita-t-^iatt 
a^wc, ft*w«c {iii} ifcfr*sjis«fi« 

[0 2 4 2] fr£VM3:|2]4 l^-T* tV/Vl^^Sigi 
W^^T^^ttyci^^^^ai V^WT^® 1 6RZfy 

y -as*® i (omT&m^-m^vxvt^it. *tifn©io 
mmtyv -m&m 1 oia*?* t -cp ft $ 

[0 2 4 3] ±ieo»-g\ m&ftmtmmittfatt:. r 
^m^< 1 1 1 >j?fat \^xm^ti^m^^m<Djj 

Bfc3ptTftttftffitt,.ft*«l^[l 1 l]®^LT^$n 

[0244] ±15 <t 9 *ata«-?-iwa*Mfttf»e>ixs 
fc* x^^fxy^/Mr^i i 6 t y y — ffi£® 1 ts 

irfc— SSd^ H»Ff5^^^^^ Vv^^T^S 1 6 i:^y 

[0 2 4 5] mfiE^ y -a^® i o^ftiw$p-e«, ^ 
^x^ifi](C3H±tcffijxbnri>5 0 

[0 2 4 6] HI 4 ICtjH- J: 9 (c mils ^ y -BSttS 1 co± 

5o 
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[0247] *p^TitiMii^^t, ttm&fem 

So 

[0248] ^tzmmR^mi±m 4 t H^atttJi 3 1 * 

[0 2 4 9] rofcftl»IBJ|LBO**< tt— 

[0 2 5 0] **3R3S«tt«4 £Bje«*Ui3Biffi£¥ 
fr*#ftK:ft*Wfc:[l l i]ffiiLT«$ita*«4tt 
SffiasftifcKipjLri^a:: lv\ *festris»s 

ffiftlci&^r. ft*tofc< 110 >^fa£ LT$ ^ 
«Hffifc»ft*lllO#ftaS. R3ft«tt«4 tH«flStt»3 i 20 

[0 2 5 1 ] *fc*«wrrau WES5fi«ttJH 4 ^ffic 
*ffifc¥tfft*-|Rl*cft*Wtc[l 1 l]ffi<t LT^£;ft£ 
*MBfttt*B5*«ifeElR]b, L^tmfl5S3*KttJ8 4^ 

oT«Jt^t*S:lRl±S-frSri:^-et5i:*{c % MIS 
R 3£«&ttJf 4 fcfcig«j te^ * - o SflU fe^- fc: ^ tt L 

[0 2 5 2] t.itm 4 t^t-* ey/^/iiii^t 

itrT# <b;ft;fcR^»l£/iJ§ 4 Xt/B5£«tS:JB 3 ogiam 

&m&m 4 t nestti 3 <D^mm t -era c» 
[0253] L^t*j8weii, rac»«f*tta*fc$ 

60 50 
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[0254] ±B0>»g\ StriER**rrniJcna[«-r*ig*f 
ftswtc {111} 

[0255] fc^v^ttig4tc^-r^if>'^/u^»a5R 
^rf*. m&Rmkmw.&fafrbn+m (tf-^o ^a 

it * *r » & ftfcR»SM4JB 4 2t l/H^8JtttJB 3 <£>jgi© 

^^{C^LfclHlSfSE^^^tL. WfBESfa^«> 5 o, 
R^tt^ 4 (OB^fift t @£fl£tt« 3 OEl*ftk t r ra C 

4 $ ixfc , $> s laws^a* e> if — ^ js^s * r 
[0256] ±M<oms, mm^m tmm^fi]^ ft 

iSffttc< l i l >**rpjt LT*S*L5»«**S»**©* 

^^RT^ B B 0 ffi(i, ft«#rtc[l i i]®ilTi$n5 

[0 2 5 7] ±fso J: 5 ftSiBfll^jllia^rfltdSWbtt-B 
£ , R3S«ttJB 4 <h S^aSttJB 3 teM® fc wrttmz: 

R3fiKttS 4 «|R«i3gtc J: or a«Jftafiijaet8SrjB tt 
*5t). ^*«cit^r^^fe^iftje-&«#^#e>ttSo 

[0 2 5 8] IU5f^^P^iC4bMt5^^r/l-^fc c >^/l- 
[0 2 5 9] 0 5(C^-TJ: 5t-> T^e>T»«6. >— 

3 0 WE7y-«ttJiitt3*lRr»j«Six, «x.Htc 

olBlO, 10tNiFeMi9ti^JlS o £ b 

«I3, SMttl4, *5J:tf»«Ji7 36Sig3RLrfl(| 

[0 2 6 0] *3fc % TiM6a>bftW|7£^0#JHt 
OBll:iiA-K^7^i5, 5, #118, 8^. 

*tftr»rit*nrv^5. 

[0261] roms^jrji, ^ y — attji una 

*T«t-ffi«i"SR5ft«ttJi 4 oT^f^v— K ir 2 
2*»rt**tri^5. *b^W1ER»«Btt«4Sr«^i- 
57t;^Xfo5V^^i7C^X + X , (OJfflfiEJtli. 4 5 (at 
%) W6 0 (a t%) K±t»fi!c*jl5ri#jf4L 
< , X Y) SF^ L < 12 4 9 (a t %) 5 6. 5 (at 

[0262] *ur*«WT?ttjiwaait«c*w^r, mc 
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3cotfifE^ B H a ffi^(c^-r5. fc5i^i:^«^*g 0 B B $4c7) 

[0 2 6 3] *fcHulER3S«tttJi 4 £ @5gB£f£JI 3 £ Sr 
Bt*iTfif4*«l (0*Z#ft) *»ib»TBt LT^fct 
H 1JlES^14^4 0^B 3 B fe#£Htji2@^att^3 

HSfcfcoT^S. 10 
[0 2 6 4] rofc»WlE»BO^ft< 1 ffitt#SE 

[0 2 6 5] 4 «h S^lttf 3 IB <b ? 

BfttC&^T. ft*ttl£< 110 >*fat LTSt^tL^ 
^ffi^ B e B #^^f^^ s R5fiflW4JI 4 £ B£flM£j| 3 t 

[0 2 6 6] S9taS3fiKttJi 4 ^ffilE 

MiSH^CilcBAL, Ld^meSMtatttJl4Cc: 

s»«tt«4tt»«]^aflij»^^feaflij»^^«ffiL 

Tfc51<i:^tv\ 30 

[0 2 6 7] */c0 5 td^-r^^T/U^ tV/V^if 

[0 2 6 81 tib*)*55Sm :7 y 1 J: 9 
t>±Mlc»A$HfcS9fttttt«4Al/a£flKttJI 3 fc* 

b^^s9iE^ B B B ffirt^#ft-r^. fc^i^i^tf^i 

<E>4>&< fcfc— autf. mrlBRSfifiSttJi 4 <b@^«l3 40 

[0 2 6 9] SfcflMERaHKtfiJB 4 £ 3 £ * 

% IC. ffi|ER3a«te/B 4 <Z)*gr AtfcJF £ WEH^«tt« 3 

[0 2 7 0] r^)*:*«FfS#ffi^<C< 

iiulSR&«M£Ji 4ttfR*«K: J: oTigSJ 

r^^BT^x-feSo 50 
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[0 2 7 1 ] /^SMti 4 ^ S^itti 3 i® 

[0 2 7 2] 4fc*?SWt?t4, S(HESafiaStt»4^«rlE 
#BS£¥tf**T|n]tcft*W^[l 1 1]®£ LT3t£*i5 
^ffi^^ B B B B^^cgB^]U. La*fcfflKK3Sl«ttJi4tt: 

[0 2 7 3] *fcEI 5 tC^-T^ V^Vl^^SJRlR^-e 
■frT»6>*ufc, R3ft?KttJi4X^@^fl$ttJi3<oSiam 

»Mit ^ & § ttj.o tf- j±m&fr bfrfttz icmmjffa 

X tfSSBfrttJl tf> lEJIFftt i t?S ^ d — ffc-T 5 o 

[0 2 7 4] L^t**weii, ncttwtttasfca 
^*-fp)^ffifii-5, fe5S B B B ®^^-riHitfT^^ct. flU 

[0 2 7 5] ±E<7)4&^. fflfKIUtffirlRl^ffiMi- SlSJf 

atjStt. ft^Wfc (ill) It Lt*Sii5*tfftjB 
[0 2 7 6] fo5V^ii!g)5^^-r^h: 0 >y^^^^ 

*>, S5fifl$ttS.4^lHllFf«t@^B«ltJi 30|U»ftti:-C 

in cat**]- # ^ ^ ntz. h% \E\$im&fr h 

la]W9E^5t>, SixfciawaEjStf, K 

5 0 
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[0277] jbiea>*g\ iftmRffit mm* J? ft 
m&}\z< 1 1 1 >jjfat \^xm£tizmffite&M3$&<Djj 

[0 2 7 8] ±IBC0«t p&SiSa^lllelSrtt^^nS 
53fiB$14«4 ^H^SStt® 3 <bT*SW;im&5^ft£:fp] 10 

[0 2 7 9] HI 6. 7f3\ *1PJ(DAMRI8»?J) 

Tfrb&m&m (SALS) 18, ^ttS (SHUN 
TI) 19. *5±t/«Eft»ttJB (MRI) 2 0^ig^L 

[0 2 8 0] 0U^_ H(FfBtt«'ttJi 18(1 F e - N i - 20 

[o 2 8 i ] mwM%m?m2 o<D±ia^ 

^^^^WT^Jl (S3*»ttS) 2 1, 2 1^ 

^^rt^v^MT^B 2 1 , 2 1 coji^j^^tl^o 
[0 2 8 2] ^/:i7m hy^tmJjfa m^Xjj 

fa) iz. by ^^mTw(Dmm^m^x—M(Dzy— kk 

t2 2dS«J*S*tTl^5o flulEv'— KWt2 2Jt(^tt30 
x^^fx^/M7^l2 1, 2 1dS«5j*$ix. SulE 

21, 2 1 ma* s i o 2 -^a 1 20&<Dmmttwx*M& 

[0 2 8 3] -^UTWie^^^^m^^^-f T^g 2 
1, 2 l&tFfflGttMJl2 6 itc, amfefet^ (MR 
J§) 2 0, #8Sttg (SHUNT!) 1 9, XlWWBtt 
S (SALi) 18*«iSiX5 0 

[0 2 8 4] *^PJi?(i, m6RZf7{Cfjkir^?*^^ 
y^7^|2 1 <tfi£^jgSUl2 OteJRffi<!:Wr&#40 

^ miie^^^^^^^-rr^^ 2 i ^m^est®2 

[0 2 8 5] *fcffiffi^*^>^WT;*Jl2 1 t 

Min&m.m2otzmmkWff?j:jjfa m^zjjfa) a> 

<bWffit IsX&tct tic, flMS^^ai^AWT* 
S 2 1 OjfeJ&tfc** mrlE^SSft® 2 o 

5 0 50 
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[0 2 8 6] ^0;TcfcffllE#ffi<^ft< £ »fi*S 
[0 2 8 7] ftifc^;*^^^ T*S2 1 tflS« 

est® 2 onmffitWiittfaiaxmmcii nmt 
\^xm£ft%mmt£i&M>mm9c&fa ltv^s r t tm 

xy^W7^l2 1 tfl£«iggiJl2 0 ir-CSvMdM* 
[0 2 8 8] ftufS^^^^/W 

ant ^xmznz^mtem&m&mft&fai,. u^t«r 

IB^^^^'Wr^S 2 1 lC^/^< i: fc— SSK 

^7^21 ttiB«jic^aflij*^d^aaij»^^«i8L 

[0 2 8 9] *fcE16 f 7(C/TfAMRSSIi^T* 
ttSbtlfcx^^fxyi;/q7^l2 l&tfl&^ffi 

»*ESr*i-|Hl»faE^i:, fulEfc'-AM^t SrttA/rtfjR 
[0 2 9 0] Ld*t>**W"Ctt, Wu:»*#»t*4S 

V Mi SS«ttJi CO- -)5<D [HjjFf « O^StL S o 

[ 0 2 9 1 ] ±ffi<o#^, tul2^/¥^i^ic{S:gi-^iH]Sf 
SE^te. {-t^^Jfc {111} Bit UT*S*t5*ffi*Je 

[ 0 2 9 2] fe5V^^iII]6, 7IOTtAMRm^i^ 

^ii-T#^tLy u c^^^^^Vv ? ^T^@2 l&Vjsa 

«ta«»st» 2 o <D@Sr« t -era c»*«»t* & 
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[0 2 9 3] ±iS<E>4§£\ Hul5#®<t^Ii:^^^^, ft 
^W(^< 111 >^fS]<J: LT^^n^^ffi^^fftO^r 

%mmte&&mx*tbz>-kt)m-£ lv\ io 

[0 2 9 4] ±M(0 <£ 5 ^3igm^Ie]jT^^#btL^ 

nx-btiZo ^^x±mLtzmmm^m®mig!.*^-tz> 
^^^yvuymmmmf'Xh^t. mm^? 
s<4T*m2 1 temmmz£^xmtyteMm^m*&L, 

[0 2 9 5] _b|B L/c HI 6 7 (C/TfAMRiSB 

^^T^ii. fulE^;*^>i^WT;*Ji2 1, 21 t 

«^«stJi 2 o t(D^x^-r^w^mm^x 
^o. me, 7 ^-tm^trcm 2 ooeswn m^x 

^£#Lii2 0(7)D^oa^^H^X^r^(C«Si^bn 

5 0 . *fc, m&mmm^niTLjs 2 0 sr*ixsiB^** 
tiz> 0 x*fa\cmm&k£titzmiK&mm2 o^d®« 

3»*«Ftf= : H— RJ»*«M4) *BDIfttt«:*->-5tt«»cR 
[0 2 9 6] lEfijtt#£>»»;fc[«H* Z *ft-e#> «9 . 

So 

[0 2 9 7] **5±|BLfcBll &^LH7i£*-t"««S40 

[0 2 9 8] JhfELfcJ;?^ BtrlER»ratf:E4*>5G* 
XfcS^teTcjgX + X' <0#l/&Jfcte, 4 5 (a t%) 
±60 (a t%) am^lt^K, J:«9«F* 
Kli4 9 ( a t %) J^± 5 6. 5 ( a t %) KTT'fc 

[0 2 9 9] toT-0(0|jStUli, ^KKa»(C*3 50 
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[0300] *fc*«w-e«t, mmmmz&^x. 
m^M4 kmiEm&m 3 t<D&m, ^^^^ 
T*m 1 6 v—m&m 1 

^7^12 1 (blK^StftS 2 0 k(D^m. MV-K 

2 i: SSSBSttJi 4 £ ful2 i/— KKf 2 2 
tx^7fxy^>f7^JSl 6, 2 1 £tf>#B<0*J>fc 

v\ j&m&mc&h^xmmRmm&KMx&zk. m 

[0 3 0 1] *BtStt«cfetNTWSB#ffiSr*»^tt*i: 

[0 3 0 2] H8tJ, HI 1 l-^rSS^#SSrJ5KJRL 
fcttl»Sr*-r«aH-C*>5o HI8 tc^-TJ; 9 tc\ TflSB 
6il^-KKt22«U:i > WIERBMBttJi 
4 £r 3 Iitf^t5 0 ffirffiS&flSttJB 4 ^«^c"T^^ 
1 <DK5S8frttJB 23, 12 (D^m^m 2 4 , RXffS 3 
^S9fiKttS2 5ttJil5LfcX-Mn^^ X-Mn- 

x' &&xmf$.£nz> 0 

[0 3 0 3] tztcLi&m&mz^^x, mi&vn3<D 

SM12 3, 2 5S:«fi8"r57C*Xfc5VMi7clRX 
+ X' ©JartJtSr, »2©S»»tti2 4©7cSIXftS 

[0 3 0 4] *ycBulE*l <7>R3fi8£tt«2 3 tm3<D& 
^m^M2 5 t<^Pfl(r^$ttS»2 0S5fi«ttS2 4 

h\ J: o -c *mm&*frbMm&ttmm 

[0 3 0 5] ro«t5«c:*i(OK»«ttt*2 3Xt/*3 
4>R3fifljH±« 2 S^TnSlXfeSVMiTc^X + X' Offi^ 
JtS:, ^ 2 2 4 07c*X&StMi7c*X + 

3M'>-KWt2 2^tefa«iS^(c}<g*Six/jr^J: 

[0 3 0 6] iiuiElg 1 <0R3ft«tt» 2 3 ftl/S 3 O^?® 
fi$tt«2 5^7C^X$>^^«^X + X' coll^itl^S 

3 (a t%) K16 5 (a t %) ^m^It^ 
L < % X *) L < fi 5 5 ( a t %) 6 0 ( a t 
%) £JLTt?fc<b. *^:«irfB*l^R5ft«ttlB2 3Xtf* 
3 OgSittl 2 5 ©Btfftt 3 AJ^± 3 0 AJ^TT**>5 

S3 0SaBttl2 3, 2 5^ftll0AefiT« 

[0 3 0 7] huIE^ 2 <^R3fiaSttS 2 4<7)5t:^Xfc^V> 
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ttytmX + X' (Omfcttte, 4 4 (a t %) £X _h 5 7 

(a t%) SlTX'J&tfLZtlZo »*L<tt, 46 (at 
%) ^±5 5 (a t%) »TT*fc5o TCigXfeS^ttTG 
i?iX + X' oa^^-^^Hp^x^^^n^i:. ^ 

m^m-r ^t{cx ^xmmm 2 orates 2 4 

OSMttl 2 4 GDJBUSLfi 7 0 A£X±X&> 5 r £ as#* 

^tt/f 2 4tf>Jg|J?£l 0 OAggt«LT^5o 
[0 3 0 8] £/c±!5Lfc&K3£W£/l2 3, 2 4, 2 10 

*. » 1 Xt/JB 3 ORMHKttJi 2 3, 2 5^ S2(Og 
5S««fcJf 2 4 J; D tiSv^^y^^flE-C^-rsr t 

S23, 2 5<DKmxhz>\<^ttmx + x' (Dm&kt 

Sr. S2^)5Mtti2 4^7C*Xfc^V>f*7C^X + 
[0 3 0 9] fcS^tt#«Bli-CW\ /&JgU£Pg (ffc^S 

^bfc#^T^. Ki?^^(c:x;^Xfe5V^^^7^;^X + 
X 7 <Dffi/£Jt (JS-^%) Sra«Jlc«<b**T^i-<5n 

[0 3 10] ^fxiXiMnt^ftSraiW 
Kile, + 2 2^b«ixS^bfcdSoT»*jc: 

[0 3 11] ro^ffilC J; jxtf, ^*X&5^«:7G*X 

ffij&»b*(rER»«te« 4 <Dfltff(0^*Wifilc*^tTtft^ 
fctt<fco-0^ MEtUftJt (J©^%) tt, WE** 

[0 3 12] r^7t^^Xfe5^^7C^X + X / (Offl 
kit tt. i/-KWir2 2aVH3e«ttJi3 

So 

[031 3 ] **3«rffi@^8SttJi 3 t ^EiSfSXl^ 
-KW + 2 2t 0#Ej£«T% WEK3*fl£t£S 4 Sr« 
^-f^^Tc^OMkitS: 10 0a t %£ bfc£#lc, 7c 
mX&>Z>\,^*7tmX + X' (Dffl/&J££r, 5 3a t %£JLk 
6 5a t%HTi:t5rti55»*L<, J:5#*L<tt 
5 5 a t %l^±6 0 a t %aTT*fc^ 0 

[0 3 14] *fcR3S«tt»4<OKff^<0^^a 
T% mJE^X&StMlx^X + X' ^)»^4 4 50 
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(a t%) W±5 7 (a t %) «T 1 1r Z> Z t ifift 4 L 
<, ±9jgP*L<l*4 6 (a t%) £l_h5 5 (a t %) 
J£ATT*fo£ 0 *fcHuES3S«ttJi4^l«ffSr7 6A£JL± 

[0315] 18 lc*-rSU!IRK» LJft&aSr 

[0 3 16]$PKU ±E£><fc 5J-iiuEv'~- K W 
t2 2jSkt;@£8ttS3tSt5fll^ 7c3fXfc£^fci: 
5c^X + X r 0fflj«JtdS#v^iXVS3©S5filKttJi 
2 3, 2 5 I, L^tffifE* 1 RXfm 3 <£>K3£a 

tt!2 3, 2 ^«ia*cJ:oT3S«J^^F«fliit&-?- 

& i^-n * 2 

2 4 SrRrtTi^aarTN Hft^St- J: oTfSI 
2 0K3fiBSt£JS2 4<D&&-V&m&mt*kmi%\^ Ml 
X tf * 3 OK3£B£ttJi 2 3, 2 5 ^2 (DK^m^M 2 

4BB-e«^lt»3ftSjBr Z>t3%?Lhft. LfctfSo-ci»fB3S 

lSt/l3<DS«ttl 2 3, 2 5<£>35#-?fc. V— K 
Kt2 2 &tf@5£B£teJB 3 O#®-C31^0tC^^^ 

jgr«9. R»HM4i»flB0«i«:at: 

[0 3 17] ^ ttMlii^fctt 5^ 

E&mteM* tmi&msj* 3 i-ea^ic* 

[0318] SfcmfBSMttttll 4 t 3 fc Sr 

[0 3 19] mJER^attS4cOT^ 

is-h*is^^&mj$.£frx\,^z>tctb, mm^mi±m^ 

4(c^/>?i< fc t>-^(-^ B H 0 ^k$ti. — SBOitftESK 

»E*B5i:*Wi:*o"CV^« 0 
a9ESS»ffi:»ffiWOrtfttt6 8° £X±X7 6° «T 

1 l]Bi LT**ns*tf*ttftE^ffifeErR]bTVN 

[0320] te&m&mmziort zR&m&m 4 

T, MnC»t57uiXfo5l/^iX + X / 

[0321] m 2 ci^-r* e'wv^iiig^ioi^ 

"Ctt, Ras«ttJl4Sr±Ebfc3JBKT-?gfi!cbTt> J:t^ 
^ x W*tfH^«tt»3ffiO*c»-rs»i^S5*«ttJB2 
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3 7«^t5l 2 ^)RMttI 2 4<D2MM 

•^2 2^ftlV^^^r*fc5o 
[0 3 2 2] ^jo±|E<7)J:9^S:^tt/i4 5r2ii^ 

[0 3 2 3] ^fci 3 
"Ci*. *?-=.>i?/<4Txm 1 6 £H}2<D^&£IW)10 
^^2Jl^T^^;"r^ 0 gl(Z)S»ffiti2 3^7y- 

[0324] ^/ce 3 {c^-tfc^im&m 4&mi <om& 
mm=c-? ^^^^s^r^m 1 6st/saitti4^ 

[0 3 2 5] ^Sm^^i^^mjf5^^^^^>^/W 
T*Jf 1 6fcf*. «tt*l«C|R|36»5J-Uft:3ftSo 20 

[0 32 6] *fc»«i3aa^i3itS«rlER!fi«tt«4*c 
tt, Mttl3S^>-KKt2 2(C|p)^9tcL^ 
^oTMnic:>rJ-i-^7C^Xfc^v>^5c;^X + X / OJSf 

[0 3 2 7] ^fcIH4(C^-r^ tr^y^u^S^fll^^-^ 

R-eMtSo fs i (o^mmitm 2 3 tt@^a$tts 3« 

fc«Lt»*t, «r1EH3eittttS3^e>«l*L*:«^*2 30 
OR3*«ttl 2 4 Sr«MM-S 0 

[0 3 2 8] Jtx^^y^T^il 6Sr01 
^R3fi«ttll4O»^i:ra«*c3»BI-t?»j*i-S 0 M« 

[0329] ^a^^tsttsstris^^^^-iV^^ 

T*Jll6Mte, 7y-«ftll^>-K^t2 2 

[0 3 3 0] 4fcjR«ia«^i3*t5aMaRBHB'tt»4fc 
@£ffi£Ji3tCfta>?{CLfc^oT. MnC^t5 
:7cSIXfc3lM*5GSfX + X' <OJS^%<OJt*^ifjpi-s 

[0 3 3 1 ] 05 (C^-r^oL T/l^ W<yu:/SMHBHf 

^Sg^&r^m 1 0 tc^-r«t 5 y y -m&m 1 

«fc 9 t T«t-ffiKi- 5S»«ttJl 4 |g l 

123, gS 2 <7>S^i&f£ji 2 4 , RXfifg 3 ORSfiKttS 
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■t5E5l«tti4Sr, ^1^5MttI14at;i2 

<DR%im.&m 1 5 o 2 

[0 3 3 2] B&ffiSi 1 <D&&m&m 23, fB 2 <0KSM» 

tts 2 4 , Rvm 3 <D&mm&m 2 5 comm. &xf&j& 
ten uxttia 1 t*rw l/c t t m cT-fo^o 

[0 3 3 3] mi 0l:/TtJ:5i:MUci, ftt*Q>3«: 
JSi-o -to^ffittEli itc3?£*vci^3 0 mi lT-i*. 
77 y -BSttJi 1 X *) 1>T«^«fiR*tbT^5R3ft«ttlB 
4Sr«*-rS3*IR^jB«tt»S:jBl^ JRAfta«(c*5» 
«iMER»attt«4^tt. @^«ttl3X^-KM 
t2 2(d|pj^5«-b^^oT, Mn^^J-r^TC^Xfe^) 

\ ^7cm x + x ' <^is^-%cDit^^*8jD-r s 

[0 3 3 4] 4fc^y— Ittll £9 4>±«JJC?gJ5KS*L 
fcR3SKtti4 ^MtS 2»l«t>Sfc*l/*i£*&jg 
U »«ia«^*3^SffilBR3S«tt»4^«: > H^BStt 

[0 3 3 5] f*{cm 6 (^i-AMRS»Bt*^-0)«it* 

arm. x^xf x>v ; /wr^i2 l^rii oi^t 

4 ^H«^2JiR-e^-r5o mris^^^^-^^^w 
t*/B2i«u a«»ffi»2oi«-rs*i<DR»»tt 

5 1 4 £ffiriE««l&£iJi2 O^bfflltt/cffiiJ^^^ix^ 
^ 2 (OSBMKttS 1 5 t T«t5o 

[0 3 3 6] Sft^aSrlffi-ri:, SME^*^^^ 
T^Ji 2 1 W:ai«*aflijaEI8SrjBU, WIE^-X^m:' 
^vr^S2 1 t 2 0 fcoM-c*#ft#!fe 

[0 3 3 7] ■tLT!»«ia»«c43tt5«rE^^^^*>' 
^WT7i2 1 tctf, 8t«ffi*tJl2 0tCfaa>5t-L*: 
^oT, MntC#i-£^Xfc£VM*^*fX + X' CO® 

So 

[0 3 3 8] *fci3 7 d^-TAMRSWKiR^cOSaig^ 

r*m 2 1 m^tjim 2 0 {cm-tzm 1 <o 

Bflm s &M2 3h, is— KKt2 2(^-^-5^ 3 OS 
^ttH 25i, SuiEfg 1 2SI V* 3 2 3 , 

2 5^rfl(c^$ns^2 0R5ifiH4S2 4tMt 

[0 3 3 9] JRiaaSrJSI-t. fiulE^^x^oiV^/^ 
^/WT^*2 1 t««»tt»2 0i©Bt?*#ftS» 

[0 3 4 0] ^LTf%toa«{C*5«1"5BiIIB3i^^^ai> 
^/W7xl2 1l:il ISgfi:i2 0W^KW 
t2 2lC[6]^^5(-b/c^oT, Mnlc^f 2>7cSiXfc5 
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[0341] aijs^ai i i^-t-BssH&et 

[0 3 4 2] fa-g-4 OJ1 #J*:fc£N i F e^&ftifCJg 
0(7)11^^^7^14 1 W^tLti/^o ^fcT 

St^)**^ 2<D_hlCJl ±35^^7^14 3^ff^$ 
tb, BtTEiSB^ir 7 7°l4 3(D±{cn. NiFe^M 
if-C?Kj*$ixfcJiffl->— ^ K14 4^/&£;ft/o^o 
[0 3 4 3] fflrlET«¥*y:/«4 lXV±SR^^y>^ 
14 311 0»Jx.tfS i 0 2 ^A 1 2O3 (T^^-T) t£t* 

795^-^7^14 1 ^blS^t77 P l4 3tW 

[0344] ^mmx^mm^m 4 <z>i«y»s:/h£ < l 20 

[0 3 4 5] WCIi. Hll, HI 3 s H 4 , B 5 

Xtfl2 7lc:m*TR5fi«ttJi4 (^fett^*^:^ 
1 6fc£VM*B^cl}g;#LS2 0) (7>TffiiJt-v— 

R3£t5tO-CW:iv\ 30 

[0 3 4 6] *fc*»W-Ctt, Wff^lRjtWft^lSl^ 
^DWLfc^WStC^oV^T, SMtl4(7)fc 0 B W^ 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] By the switched connection magnetic field which this 
invention consists of an antiferromagnetism layer and a ferromagnetic layer, and is generated in the 
interface of the aforementioned antiferromagnetism layer and a ferromagnetic layer The switched 
connection film with which the magnetization direction of the aforementioned ferromagnetic layer is 
fixed in the fixed direction is started. It is related with the switched connection film which enabled it 
to acquire the aforementioned large switched connection magnetic field especially and the 
magnetoresistance-effect element (a spin bulb type thin film, AMR element) using this switched 
connection film, and the thin film magnetic head which used the aforementioned 
magnetoresistance-effect element for the row. 
[0002] 

[Description of the Prior Art] A spin bulb type thin film is one sort using the huge magnetoresistance 
effect of a GMR (giant magnetoresistive) element, and detects the record magnetic field from record 
media, such as a hard disk. 

[0003] This spin bulb type thin film has the point which was excellent in some - also in a GMR 
element, structure is comparatively simple and, moreover* resistance changes by the weak magnetic 
field. 

[0004] The aforementioned spin bulb type thin film is the simplest structure, and consists of an 
antiferromagnetism layer, a fixed magnetic layer, a nonmagnetic interlayer, and a free magnetic layer. 
[0005] the exchange- anisotropy magnetic field which the aforementioned antiferromagnetism layer 
and a fixed magnetic layer touch, and it is formed, and is generated in the interface of the 
aforementioned antiferromagnetism layer and a fixed magnetic layer -- the magnetization direction of 
the aforementioned fixed magnetic layer -- the fixed direction -- single -- a magnetic domain it 
is-izing and fixed 

[0006] Magnetization of a free magnetic layer is arranged in the magnetization direction of the 
aforementioned fixed magnetic layer, and the crossing direction by the bias layer formed in the both 
sides. 

[0007] Although the Fe-Mn (iron-manganese) alloy film, the nickel-Mn (nickel-manganese) alloy film, 
or the Pt-Mn (platinum-manganese) alloy film is generally used for the aforementioned 
antiferromagnetism layer, also in this, especially the Pt-Mn alloy film has the point which was 
excellent in various [, such as blocking temperature being high and excelling in corrosion resistance 
moreover ], and is in the limelight. 
[0008] 

[Problem(s) to be Solved by the Invention] By the way, it turns out that the switched connection 
magnetic field generated between the aforementioned antiferromagnetism layer and a fixed magnetic 
layer even if this invention persons use a PtMn alloy film for an antiferromagnetism layer is not 
greatly made according to conditions. 

[0009] When a PtMn alloy film is used for the aforementioned antiferromagnetism layer, after carrying 
out the laminating of the aforementioned antiferromagnetism layer and the fixed magnetic layer, by 
performing heat treatment, the aforementioned antiferromagnetism layer can be made to be able to 
metamorphose into a superlattice from an irregular grid, and a switched connection magnetic field 
can be produced by this. 

[0010] However, when the atom of the antiferromagnetism material which constitutes an 
antiferromagnetism layer from an interface of the aforementioned antiferromagnetism layer and a 
ferromagnetic layer, and the atom of the soft magnetic materials which constitute a fixed magnetic 
layer had changed into the so-called adjustment state corresponding to 1 to 1, the aforementioned 



antiferromagnetism layer could not cause the above-mentioned rule transformation appropriately, but 
it turns out that a big switched connection magnetic field must have been produced. 
[0011] this invention is for solving the above-mentioned conventional technical problem, and when 
the antiferromagnetism material containing Elements X (X is platinum group metals) and Mn is used 
as an antiferromagnetism layer, it relates to the switched connection film which enabled it to 
generate a large exchange- a nisotropy magnetic field and the magnetoresistance-effect element 
using this switched connection film, and the thin film magnetic head which used the aforementioned 
magnetoresistance-effect element for the row. 
[0012] 

[Means for Solving the Problem] In the switched connection film with which an antiferromagnetism 
layer and a ferromagnetic layer touch, and are formed, a switched connection magnetic field 
generates this invention in the interface of the aforementioned antiferromagnetism layer and a 
ferromagnetic layer, and the magnetization direction of the aforementioned ferromagnetic layer is 
carried out in the fixed direction The aforementioned antiferromagnetism layer is formed with the 
antiferromagnetism material containing Elements X (however, X is one sort or two sorts or more of 
elements among Pt, Pd, Ir, Rh, Ru, and Os), and Mn. It is characterized by the grain boundary formed 
in the aforementioned antiferromagnetism layer which appears in a cutting plane parallel to the 
direction of thickness in the aforementioned switched connection film and the grain boundary formed 
in the ferromagnetic layer being discontinuous at a part of aforementioned interface [ at least ]. 
[0013] The aforementioned grain boundary said by this invention here is a boundary where the crystal 
orientation from which two crystal grain differs is maintained, and the crystal grain of each above 
touches, and the boundary (the so-called twin boundary) where an atomic arrangement serves as a 
mirror symmetry between two crystal grain is included. The twin boundary is mentioned to the 58th 
page of the physics (Nikkan Kogyo Shimbun Ltd. (February 28, 1992 issue)) of "metallic material as an 
example of a "special grain boundary" here, and it is clarified that the twin boundary is generally 
contained in the grain boundary. 

[0014] Drawing 26 cuts the spin bulb film in this invention from a direction parallel to the direction of 
thickness, it is the photograph which observed the cutting plane with the transmission electron 
microscope (transverse electromagnetic), and the ** type view is shown in drawing 28 . 
[0015] As film composition, a lower shell, Si substrate / 203/ground layer of aluminum : Ta (3nm) / 
seed layer: -- nickel80Fe20/antiferromagnetism layer [ :P ] t54Mn46 (15nm) / fixed magnetic layer 
[Co(1.5nm)/Ru(0.8nm)/Co (2.5nm)] / nonmagnetic interlayer: - Cu (2.5nm) / free magnetic layer: 

- [Co (lnm) / nickel80Fe20(3nm)] / BAKKXJDO layer: - a Cu(1.5nm)/Ta/Ta oxide film » it comes 
out In addition, the numeric value in parenthesis writing indicated on each class shows thickness. 

Moreover, the composition ratio of a seed layer, an antiferromagnetism layer, and a free magnetic 
layer is at%. 

[0016] DC magnetron-sputtering equipment performed membrane formation of the aforementioned 
antiferromagnetism layer and a fixed magnetic layer, and gas pressure of Ar gas used in the case of 
the aforementioned two-layer membrane formation was set to 3mTorr(s). Moreover, when forming 
the aforementioned antiferromagnetism layer, distance between a substrate and a target was set to 
80mm. 

[0017] Heat treatment was performed after forming the spin bulb film which has the above-mentioned 
film composition. The time of the heat treatment temperature at this time is 2 hours or more above 
200 degrees C. In addition, the heat treatment degree of vacuum was set to 10-7Torr. The 
transmission-electron-microscope photograph shown in drawing 26 shows the state after the 
above-mentioned heat treatment. 

[0018] An interface with the layer which adjoins each class formed above PtMn (antiferromagnetism 
layer) is not in sight at all, but is in a state like a monolayer so that drawing 26 may show, each 
constitutes each class by which this was formed above the aforementioned PtMn alloy film from a 
near element of the atomic number - having — **** — in addition - since [ and ] crystal 
orientation has gathered on each class — absorption and the diffraction property of an electron ray 

- alike — a passage - the inside of a transmission-electron-microscope image -- each class — it 
is thought that it is because it is hard to produce a difference in contrast 

[0019] As shown in drawing 26 on the other hand, the interface with the layer formed above the 
PtMn alloy film and the aforementioned PtMn alloy film can be grasped clearly. 
[0020] And the grain boundary formed in the transmission -electron -microscope photograph at the 
aforementioned PtMn alloy film and the grain boundary which appears in the layer formed above the 
PtMn alloy film are also clearly projected on the photograph. The aforementioned grain boundary has 
many which are formed in the direction of thickness by being prolonged. 

[0021] When the ** type view of drawing 28 is referred to here, by the spin bulb film in this invention, 



as for the grain boundary (5) formed in the aforementioned PtMn alloy, for example, the grain 
boundary (1) formed in each class above the aforementioned PtMn alloy film, (2), and (3), it turns out 
that it is discontinuous by the interface of a PtMn alloy film and the layer on it. 

[0022] It is thought that the aforementioned grain boundary (1), (2), (3), and (5) are boundaries where 
the crystal orientation from which two crystal grain differs is maintained, and the crystal grain of 
each above touches here. On the other hand, it is thought that the grain boundary (4), (8), (9), (10), 
and (11) are the twin boundaries from which an atomic arrangement serves as a mirror symmetry 
within one crystal grain. Each aforementioned twin boundary is parallel and tends to appear. 
[0023] It turns out that it is a discontinuous condition by the grain boundary (1) by which the 
aforementioned grain boundary (4), (8), (9), (10), and (11) were formed in each class above the 
aforementioned PtMn alloy film, (2), (3), and the interface. 

[0024] Thus, about the cause by which the grain boundary formed in the antiferromagnetism layer and 
the grain boundary formed in the ferromagnetic layer become discontinuous by the interface, 
although it decided to consider later, the switched connection magnetic field became it very large 
that it was the spin bulb type thin film from which the transmission-electron-microscope photograph 
of drawing 26 was acquired, and the switched connection magnetic field of 10.9x104 (AJm) grade was 
acquired. 

[0025] Next, drawing 27 cuts the spin bulb film in the former from a direction parallel to the direction 
of thickness, it is the photograph which observed the cutting plane with the transmission electron 
microscope (transverse electromagnetic), and the ** type view is shown in drawing 29 . 
[0026] As film composition, a lower shell, Si substrate / 203/ground layer of aluminum : Ta (3nm) / 
seed layer : nickel80Fe20 (2nm) / antiferromagnetism layer :P t44Mn56 (13nm) / fixed magnetic layer 
[Co(1.5nm)/Ru(0.8nm)/Co (2.5nm)] / nonmagnetic interlayer: - Cu (2.5nm) / free magnetic layer: 
- [Co(lnm)/nickel80Fe20 (3nm)] / BAKKUDO layer: -- a Cu(1.5nm)/Ta/Ta oxide film - It comes 
out. In addition, the numeric value in parenthesis writing indicated on each class shows thickness. 

Moreover, the composition ratio of a seed layer, an antiferromagnetism layer, and a free magnetic 
layer is at%. 

[0027] The amount of Pt(s) of a PtMn alloy film (antiferromagnetism layer) and thickness, and the 
furthers of the difference from the film composition of the spin bulb film in the above-mentioned this 
invention are membrane formation conditions etc. 

[0028] DC magnetron-sputtering equipment performed membrane formation of the aforementioned 
antiferromagnetism layer and a fixed magnetic layer, and gas pressure of Ar gas used in the case of 
the aforementioned two-layer membrane formation was set to 0.8mTorr(s). Moreover, when forming 
the aforementioned antiferromagnetism layer, distance between a substrate and a target was set to 
50mm. 

[0029] Heat treatment was performed after forming the spin bulb film which has the above-mentioned 
film composition. The time of the heat treatment temperature at this time is 2 hours or more above 
200 degrees C. In addition, the heat treatment degree of vacuum was set to 10-7Torr. The 
transmission-electron-microscope photograph shown in drawing 27 shows the state after the 
above-mentioned heat treatment. 

[0030] As drawing 27 shows, it turns out that the lump of the big crystal grain which pierces through 
each class formed in the direction of thickness on the PtMn alloy film and the aforementioned PtMn 
alloy film has arisen. 

[0031] If the ** type view of drawing 29 is referred to, it pierces through an interface in the layer 
formed above the PtMn alloy film and the aforementioned PtMn alloy film, and the grain boundary (6) 
and (7) are formed in it. Namely, in the spin bulb film of the example of comparison, the grain 
boundary 

formed in a PtMn alloy film and the grain boundary formed in the layer above the aforementioned 
PtMn alloy film are in the state where it continued by the aforementioned interface. 
[0032] In addition, it is thought that the aforementioned grain boundary (6) and (7) are boundaries 
where the crystal orientation from which two crystal grain differs is maintained, and the crystal grain 
of each above touches, and not to form the twin boundary is considered by the aforementioned 
antiferromagnetism layer. 

[0033] In the spin bulb type thin film which has the transmission-electron -microscope photograph 
shown in drawing 27 , the switched connection magnetic field was very low, and only the switched 
connection magnetic field of 0.24x104 (A/m) grade was acquired. 

[0034] From the former, this invention differs in the position of the grain boundary formed in the 
aforementioned antiferromagnetism layer in the interface of an antiferromagnetism layer and a 
ferromagnetic layer, and the grain boundary formed in the ferromagnetic layer as mentioned above. 
[0035] In order to make discontinuous the grain boundary formed in the antiferromagnetism layer, 



and 

the grain boundary formed in the ferromagnetic layer by the interface like this invention, composition 
of the aforementioned antiferromagnetism layer is important for one, in addition membrane formation 
conditions are important for it. Ar gas pressure at the time of membrane formation conditions 
forming heat treatment temperature, heat treatment time and the aforementioned 
antiferromagnetism layer, and a ferromagnetic layer and a further are the distance between a 
substrate and a target, substrate temperature, substrate bias voltage, membrane formation speed, 
etc. 

[0036] On the other hand, when the aforementioned antiferromagnetism layer is formed on the 
different composition and the different membrane formation conditions of an antiferromagnetism 
layer from this invention, it is a plain-gauze cone to the state where the grain boundary formed in 
the antiferromagnetism layer and the grain boundary formed in the ferromagnetic layer continued by 
the interface like the example of comparison seen by drawing 29 . 

[0037] By this invention by which the grain boundary in an interface was made discontinuous, in a 
membrane formation stage, it does not grow up in [ an antiferromagnetism layer and a ferromagnetic 
layer ] epitaxial, but it is thought that the atom which constitutes the aforementioned 
antiferromagnetism layer is not firmly restrained by the crystal structure of a ferromagnetic layer. 

For this reason, when heat-treating, the aforementioned antiferromagnetism layer metamorphoses 
into a superlattice appropriately from an irregular grid, and can acquire a big switched connection 
magnetic field. 

[0038] On the other hand, when the grain boundary in an interface is the example of comparison 
considered as continuation, in a membrane formation stage, it grows up in [ an antiferromagnetism 
layer and a ferromagnetic layer ] epitaxial, and it is thought that it will be firmly restrained by the 
crystal structure of a ferromagnetic layer in the atom of the aforementioned antiferromagnetism 
layer. For this reason, even if it heat-treats, the aforementioned antiferromagnetism layer will not be 
able to metamorphose into a superlattice appropriately from an irregular grid, but a switched 
connection magnetic field will become very small. 

[0039] In addition, in this invention, the aforementioned interface sets the grain boundary of the 
aforementioned antiferromagnetism layer, and the grain boundary of a ferromagnetic layer in part at 
least, and they should just be in the discontinuous state. 

[0040] Moreover, although the different crystal face in the direction parallel to a film surface carries 
out priority orientation of the crystal orientation of the aforementioned antiferromagnetism layer and 
a ferromagnetic layer, it is desirable that it is that in which the same desirable equivalent crystal face 
carries out priority orientation. 

[0041] It is desirable that the equivalent crystal face specifically expressed in the direction where the 
aforementioned antiferromagnetism layer and a ferromagnetic layer are parallel to the 
aforementioned interface as [111] sides by this invention is carrying out priority orientation, the 
general term of the equivalent crystal face in the case of the single crystal structure expressed as 
the aforementioned [111] field using Miller indices — it is -- the above — a field, a field (-111), a 
field (1-11), a field (11-1), a field (-1-11), a field (1-1-1), a field (-11-1), and a field (-1-1-1) exist in 
the equivalent crystal face (111 

[0042] In addition, in the spin bulb type thin film which has the transmission-electron-microscope 
photograph shown in drawing 26 and drawing 27 , [111] sides and the crystal face with the layer 
equivalent to the direction where this invention and the example of comparison are parallel to a film 
surface which the plaid of [111] sides was seen in the direction parallel to both film surfaces, and was 
formed above the antiferromagnetism layer and the aforementioned antiferromagnetism layer were 
accepted to carry out priority orientation. 

[0043] Thus, when the same equivalent crystal face is carrying out priority orientation in the 
antiferromagnetism layer and the ferromagnetic layer, it is possible to obtain big resistance rate of 
change (deltaR/R). 

[0044] Moreover, an antiferromagnetism layer and a ferromagnetic layer touch, and are formed, a 
switched connection magnetic field occurs in the interface of the aforementioned 
antiferromagnetism layer and a ferromagnetic layer, and this invention is set on the switched 
connection film with which the magnetization direction of the aforementioned ferromagnetic layer is 
carried out in the fixed direction. The equivalent crystal face expressed in the direction parallel to 
the aforementioned interface as [111] sides carries out priority orientation of the aforementioned 
antiferromagnetism layer, twin crystal is formed in the aforementioned antiferromagnetism layer in 
part at least, and the twin boundary of a part of [ at least ] aforementioned twin crystal is 
characterized by being formed in aforementioned being the interface and being un -parallel. 
[0045] In this invention, the equivalent crystal face expressed in the direction parallel to the 



aforementioned interface as [111] sides is carrying out priority orientation of the antiferromagnetism 
layer. In addition, it is effective to cover with a seed layer for carrying out [111] plane orientation of 
the aforementioned antiferromagnetism layer at the aforementioned antiferromagnetism layer 
bottom. 

[0046] Although the twin boundary of a part of [ at least ] twin crystal formed in the 
antiferromagnetism layer is formed in aforementioned being the interface and being un-parallel in this 
invention, it is clear if drawing 26 and drawing 28 are seen. 

[0047] That is, as shown in drawing 26 and drawing 28 , twin crystal was formed in the 
antiferromagnetism layer and the grain boundary (4) which shows the twin boundary, (8), (9), (10), and 
(11) have appeared in the aforementioned twin crystal in it. And each of these twin boundaries is an 
interface and un-parallel. 

[0048] Moreover, the film composition shown in drawing 26 cuts the thing of different film 
composition from a direction parallel to thickness, and shows the photograph which observed the 
cutting plane with the transmission electron microscope (transverse electromagnetic) to drawing 30 
here. 

[0049] Film composition A lower shell, Si substrate / 203/ground layer of aluminum : Ta (3nm) / 
seed layer : nickel80Fe20 (2nm) / antiferromagnetism layer :P t49Mn51 (16nm) / fixed magnetic layer 
[Co90FelO (1.4nm) / Ru (0.9nm) / Co90Fel0(2.2nm)] / nonmagnetic interlayer: - Cu (2.2nm) / free 
magnetic layer: - they are [Co90Fel0(lnm)/nickel80Fe20 (4nm)] / Ta (3nm) In addition, the 
numeric value in a parenthesis shows thickness. In addition, the composition ratio of an 
antiferromagnetism layer, a fixed magnetic layer, and a free magnetic layer is at%. 
[0050] DC magnetron-sputtering equipment performed membrane formation of the aforementioned 
antiferromagnetism layer and a fixed magnetic layer, and gas pressure of Ar gas used in the case of 
the aforementioned two-layer membrane formation was set to 2.5mTorr(s). Moreover, when forming 
the aforementioned antiferromagnetism layer, distance between a substrate and a target was set to 
80mm. 

[0051] Heat treatment was performed after forming the spin bulb film which has the above-mentioned 
film composition. The time of the heat treatment temperature at this time was 4 hours at 270 
degrees C. Moreover, the heat treatment degree of vacuum was set to 10-7Torr. In addition, in this 
example, the composition ratio of the thing of drawing 26 and PtMn differs from thickness, membrane 
formation conditions, etc. 

[0052] The transmission-electron-microscope photograph shown in drawing 30 shows the state after 
the above-mentioned heat treatment. Moreover, the antiferromagnetism layer and the ferromagnetic 
layer were understood that [111] sides equivalent to a direction parallel to an interface are carrying 
out priority orientation with the electron -diffraction image. 

[0053] Drawing 31 is the ** type view of the transverse-electromagnetic photograph shown in 
drawing 30 . As shown in drawing 31 , it turns out that two or more twin boundaries are formed in an 
antiferromagnetism layer, and no these twin boundaries are parallel to it with an interface with a 
ferromagnetic layer. 

[0054] In the example of comparison it is indicated to drawing 27 and drawing 29 that already 
explained on the other hand, twin crystal is not formed in an antiferromagnetism layer, but, therefore, 
it turns out that the twin boundary has not appeared. 

[0055] When twin crystal is formed in an antiferromagnetism layer and the twin boundary is formed in 
the aforementioned twin crystal like this invention aforementioned being the interface and being 
un-parallel, with heat treatment, the aforementioned antiferromagnetism layer is metamorphosing 
into the superlattice from the irregular grid appropriately, and can acquire a big switched connection 
magnetic field. The switched connection magnetic field in the film composition shown in drawing 30 
was about 9.3x104 (A/m). 

[0056] By the way, it is not important whether the aforementioned twin boundary is formed in the 
membrane formation stage. The aforementioned twin boundary like this invention may appear by 
heat-treating, even if the aforementioned twin boundary is not formed in a membrane formation 
stage. 

[0057] In this invention, it is thought that it will be restrained by the crystal structure of a 
ferromagnetic layer in a membrane formation stage in the atom of the aforementioned 
antiferromagnetism layer. Thus, since a lattice strain will occur in the case of the aforementioned 
transformation although the aforementioned antiferromagnetism layer becomes easy to 
metamorphose into a superlattice with heat treatment from an irregular grid, if the restraint in an 
interface becomes weak, unless it can ease this lattice strain appropriately, the aforementioned 
transformation cannot be caused effectively. When metamorphosing, the atom of an 
antiferromagnetism layer starts the rearrangement from an irregular grid to a superlattice, and it is 



thought that the lattice strain produced at this time is eased because an atomic arrangement 
changes to a mirror symmetry at intervals of a short distance. The boundary of the aforementioned 
mirror-symmetry change serves as the twin boundary after heat treatment, and that such the twin 
boundary is formed means that the rule-ized transformation has taken place, when heat-treating so 
to speak. 

[0058] Near the interface of an antiferromagnetism layer and a ferromagnetic layer, in order to ease 
the lattice strain produced when an atom carries out a rearrangement in the direction parallel to the 
aforementioned interface, the aforementioned twin boundary is formed in the direction at which the 
aforementioned interface is crossed here. For this reason, when a rule-ized transformation suitable 
on the whole occurs, the aforementioned twin boundary is formed in aforementioned being the 
interface and being un-paraUel. This is this invention, and when the twin boundary is formed in being 
an interface and being un-parallel like this invention, it becomes possible to acquire a very big 
switched connection magnetic field. When the rearrangement of the atom cannot be carried out in 
the direction parallel to the aforementioned interface on the other hand (i.e., when the atom of the 
aforementioned antiferromagnetism layer is firmly restrained by the crystal structure of a 
ferromagnetic layer in the interface etc.), the twin boundary is not formed so that the 
aforementioned interface may be crossed. In this case, the aforementioned twin boundary is not 
formed or the twin boundary parallel to the aforementioned interface is formed. 
[0059] In addition, two or more aforementioned twin boundaries become almost parallel [ each twin 
boundaries ], when formed in the same twin crystal like drawing 26 or drawing 30 . 
[0060] In addition, as for the grain boundary by which the aforementioned grain boundary and the 
twin 

boundary which the grain boundary which has special symmetric relation in neither of the 
antiferromagnetism layer and the ferromagnetic layer of an example which are shown in drawing 30 is 
formed, and were formed in the antiferromagnetism layer side were formed in the ferromagnetic 
layer, it turns out that it is in a discontinuous state in an interface. 

[0061] Moreover, as for the interior angle between the aforementioned twin boundary and the 
aforementioned interface, in this invention, it is desirable that it is 76 degrees or less at 68 degrees 
or more. [Ill] sides equivalent to a direction parallel to an interface carry out priority orientation of 
the aforementioned antiferromagnetism layer to it being this within the limits. 

[0062] Moreover, as for the aforementioned ferromagnetic layer, in this invention, it is desirable that 
the equivalent crystal face expressed in the direction parallel to the aforementioned interface as 
[111] sides is carrying out priority orientation. 

[0063] If the equivalent crystal face with which the aforementioned antiferromagnetism layer and a 
ferromagnetic layer are expressed in the direction parallel to both interfaces as [111] sides like this 
invention is carrying out priority orientation, it is possible to obtain big resistance rate of change. 
[0064] Moreover, as for the aforementioned antiferromagnetism layer, in this invention, it is desirable 
to be formed with the antiferromagnetism material containing Elements X (however, for X to be one 
sort or two sorts or more of elements among Pt, Pd, Ir, Rh, Ru, and Os) and Mn. 
[0065] Moreover, in this invention, the seed layer was formed in the aforementioned 
antiferromagnetism layer bottom so that the crystal orientation in a direction parallel to the film 
surface of an antiferromagnetism layer and a ferromagnetic layer as mentioned above might serve as 
the equivalent crystal face expressed as [111] sides. 

[0066] It is desirable that the laminating of the aforementioned switched connection film is carried 
out to the order of a lower shell antiferromagnetism layer and a ferromagnetic layer at this invention, 
the crystal structure changes mainly from a face-centered cubic to the aforementioned 
antiferromagnetism layer bottom further, and the seed layer the equivalent crystal face expressed as 
[111] sides carried out [ the layer ] priority orientation is moreover formed in the direction parallel to 
the aforementioned interface. 

[0067] Thus, by this invention, the equivalent crystal face typically expressed in the direction parallel 
to a film surface as [111] sides carries out priority orientation of the aforementioned 
antiferromagnetism layer and the ferromagnetic layer by preparing a seed layer in the 
antiferromagnetism layer bottom. 

[0068] Moreover, in this invention, it is desirable a NiFe alloy, nickel or nickel-Fe-Y alloy (however, at 
least one or more sorts as which Y is chosen from Cr, Rh, Ta, Hf, Nb, Zr, and Ti), and that the 
aforementioned seed layer is further formed with nickel- Y alloy. 

[0069] Moreover, an empirical formula is shown by 1 (nickel l-xFex)-yYy (x and y are a rate of an 
atomic ratio), it is 0.3 or less or more in zero, and, as for the rate x of an atomic ratio, it is desirable 
as for the aforementioned seed layer / the rate y of an atomic ratio ] that it is 0.5 or less or more in 
zero. Moreover, as for the aforementioned seed layer, it is desirable that it is nonmagnetic in ordinary 



temperature. 

[0070] Moreover, it is desirable that the ground layer formed by at least one or more sorts of 
elements among Ta, Hf, Nb, Zr, Ti, Mo, and W is formed in the bottom of the aforementioned seed 
layer in this invention. 

[0071] As for a part of interface [ at least ] of the aforementioned antiferromagnetism layer and a 
seed layer, in this invention, it is still more desirable that it is in a disconformity state. A 
disconformity state points out the thing in the state where the atom which constitutes an 
antiferromagnetism layer, and the atom which constitutes a ferromagnetic layer (seed layer, in 
addition a room temperature nonmagnetic) do not correspond to 1 to 1 by the interface here. On the 
other hand, an adjustment state points out the thing in the state where an atom corresponds by the 
aforementioned interface 1 to 1. 

[0072] By the way, although the grain boundary formed in the antiferromagnetism layer and the grain 
boundary formed in the ferromagnetic layer are in the discontinuous state by a part of interface [ at 
least ] by this invention as described above, as for this crystal structure, it is desirable to be 
generated also in the interface of the aforementioned antiferromagnetism layer and a seed layer. 
[0073] That is, it is desirable that the grain boundary formed in the antiferromagnetism layer and the 
grain boundary formed in the seed layer are in a discontinuous state according to a part of interface 

at least ] in this invention. The aforementioned antiferromagnetism layer has caused the suitable 
rule transformation by this, without being restrained by the crystal structure of the aforementioned 
seed layer when heat-treating, and it becomes possible to acquire a big switched connection 
magnetic field. 

[0074] Moreover, at this invention, the aforementioned antiferromagnetism layer is a X-Mn-X* alloy 
(however, element X*). Ne, Ar, Kr, Xe, Be, B, C, N, Mg, aluminum, Si, P, Ti, V, Cr, Fe, Co, nickel, Cu, 
Zn, Ga, germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, and the inside of rare earth 
elements - one sort or two sorts or more of elements - it is - it may be formed In this case, as 
for the aforementioned X-Mn-X' alloy, it is desirable that it is the interstitial solid solution by which 
element X' trespassed upon the crevice between the space lattices which consist of elements X and 
Mn, or a part of lattice point of the crystal lattice which consists of elements X and Mn is the 
substitution solid solution replaced by element X'. It is possible to form the atomic arrangement 
which can extend the lattice constant of an antiferromagnetism layer and does not correspond to 1 
to 1 to the atomic arrangement of the aforementioned ferromagnetic layer in an interface with a 
ferromagnetic layer by this. 

[0075] Moreover, as for the aforementioned element X or the composition ratio of element X+X\ in 
this invention, it is desirable that it is below 60 (at%) more than 45 (at%). By the experimental result 
mentioned later, the switched connection magnetic field more than 1.58x104 (A/m) can be acquired 
at least as the aforementioned element X or the composition ratio of element X+X* is 

above-mentioned ] within the limits. In addition, the aforementioned element X or the composition 
ratio of element X+X' is below 56.5 (at%) more than 49 (at%) more preferably. 
[0076] Moreover, as for a part of interface [ at least ] of the aforementioned antiferromagnetism 
layer and a ferromagnetic layer, in this invention, it is desirable that it is in a disconformity state. 
[0077] In this invention, the above-mentioned switched connection film is applicable to various 
magnetoresistance- effect elements. 

[0078] The fixed magnetic layer to which this invention is formed in in contact with an 
antiferromagnetism layer and this antiferromagnetism layer, and the magnetization direction is fixed 
by the exchange -anisotropy magnetic field with the aforementioned antiferromagnetism layer, The 
free magnetic layer formed in the aforementioned fixed magnetic layer through the nonmagnetic 
interlayer, It has the bias layer which arranges the magnetization direction of the aforementioned 
free magnetic layer in the magnetization direction of the aforementioned fixed magnetic layer, and 
the crossing direction, and the fixed magnetic layer formed in contact with the aforementioned 
antiferromagnetism layer and this antiferromagnetism layer is characterized by being formed with the 
above-mentioned switched connection film. 

[0079] Moreover, the fixed magnetic layer to which this invention is formed in in contact with an 
antiferromagnetism layer and this antiferromagnetism layer, and the magnetization direction is fixed 
by the exchange-anisotropy magnetic field with the aforementioned antiferromagnetism layer, It has 
the free magnetic layer formed in the aforementioned fixed magnetic layer through the nonmagnetic 
interlayer. Vacate the interval of the width of recording track Tw for the aforementioned free 
magnetic layer top or bottom, and the exchange bias layer of antiferromagnetism is formed in it. The 
aforementioned exchange bias layer and a free magnetic layer are formed with the above-mentioned 
switched connection film, and it is characterized by carrying out magnetization of the aforementioned 
free magnetic layer in the fixed direction. 



[0080] Moreover, the nonmagnetic interlayer by whom the laminating of this invention was done to 
the upper and lower sides of a free magnetic layer and the fixed magnetic layer located on one 
aforementioned nonmagnetic interlayer and under the nonmagnetic interlayer of another side, It is 
located on one aforementioned fixed magnetic layer and under the fixed magnetic layer of another 
side. The antiferromagnetism layer which fixes the magnetization direction of each fixed magnetic 
layer in the fixed direction by the exchange- anisotropy magnetic field, It has the bias layer which 
arranges the magnetization direction of the aforementioned free magnetic layer in the magnetization 
direction of the aforementioned fixed magnetic layer, and the crossing direction, and the fixed 
magnetic layer formed in contact with the aforementioned antiferromagnetism layer and this 
antiferromagnetism layer is characterized by being formed with the above-mentioned switched 
connection film. 

[0081] Moreover, this invention is characterized by having the magnetic-reluctance layer and 

soft- magnetism layer which were piled up through the non-magnetic layer, vacating the interval of 

the width of recording track Tw for the aforementioned magnetic-reluctance layer top or bottom, 

forming an antiferromagnetism layer, and forming the aforementioned antiferromagnetism layer and 

the magnetic-reluctance layer with the above-mentioned switched connection film. 

[0082] Moreover, the thin film magnetic head in this invention is characterized by forming the shield 

layer in the upper and lower sides of the above-mentioned magnetoresistance-effect element 

through a gap layer. 

[0083] 

[Embodiments of the Invention] Drawing 1 is the cross section which looked at the whole single spin 
bulb type magnetoresistance-effect element structure of the 1st operation gestalt of this invention 
from the ABS side side. In addition, drawing 1 fractures and shows only a part for the center section 
of the element prolonged in the direction of X. 

[0084] This single spin bulb type magnetoresistance-effect element is prepared in the trailing side 
edge section of the surfacing formula slider formed in the hard disk drive unit etc., and detects 
record magnetic fields, such as a hard disk. In addition, the move direction of magnetic-recording 
media, such as a hard disk, is a Z direction, and the direction of the leak magnetic field from a 
magnetic-recording medium is the direction of Y. 

[0085] The ground layer 6 formed among Ta, Hf, Nb, Zr, Ti, Mo, and W with non-magnetic materials, 
such as one sort or two sorts or more of elements, is formed in the bottom of drawing 1 . The 
aforementioned ground layer 6 is formed in order to make the priority orientation of the equivalent 
crystal face expressed as {111} sides of the seed layer 22 formed on it carry out in the direction 
parallel to a film surface. The aforementioned ground layer 6 is formed by about 50A thickness. 
[0086] The aforementioned seed layer 22 consists mainly of a face-centered cubic, and priority 
orientation of the equivalent crystal face typically expressed in the direction parallel to an interface 
with the aforementioned antiferromagnetism layer 4 as {111} sides is carried out. As for the 
aforementioned seed layer 22, it is desirable to be formed with a NiFe alloy, nickel or nickel-Fe-Y 
alloy (however, at least one sort or two sorts or more as which Y is chosen from Cr, Rh, Ta, Hf, Nb, 
Zr, and Ti), and nickel- Y alloy. 

[0087] In addition, an empirical formula is shown by 1 (nickel l-xFex)-yYy (x and y are a rate of an 
atomic ratio), the rate x of an atomic ratio is 0.3 or less or more in zero, and, as for the rate y of an 
atomic ratio, it is desirable [ the aforementioned seed layer 22 ] that it is 0.5 or less or more in zero. 

By this, the priority amount of preferred orientation of the [111] sides of the antiferromagnetism 
layer 4 and each class on it can be raised, and resistance rate-of-change deltaR/R can be raised. 
[0088] "The equivalent crystal face" shows the crystal plane expressed using Miller indices here. As 
the equivalent (equivalent) crystal face expressed as the aforementioned [111] field, a field (111), a 
field (-111), a field (1-11), a field (11-1), a field (-1-11), a field (1-1-1), a field (-11-1), and a field 
(-1-1-1) exist. 

[0089] Namely, in this invention, the field (111), the field equivalent (1-11) to it, etc. are carrying out 
priority orientation of the aforementioned seed layer 22 in the direction parallel to a film surface. 
[0090] Moreover, as for the aforementioned seed layer 22, in this invention, it is desirable that it is 
nonmagnetic in ordinary temperature, while being able to prevent wave-like asymmetric (asymmetry) 
aggravation by making the aforementioned seed layer 22 nonmagnetic in ordinary temperature, it is 
possible to suppress diverging of the sense current which can enlarge specific resistance of the 
aforementioned seed layer 22, and flows from a conductive layer according to the effect of the 
element Y (after-mentioned) added in order to make it nonmagnetic through which it passes 
aforementioned ] seed layer 22 It leads to decline in resistance rate of change (deltaR/R), or 
generating of a Barkhausen noise and is not desirable if it becomes easy to shunt the aforementioned 
sense current toward the seed layer 22. 



[0091] In order to form the aforementioned seed layer 22 by nonmagnetic, nickel-Fe-Y alloy 
(however, at least one sort or two sorts or more as which Y is chosen from Cr, Rh, Ta, Hf, Nb, Zr, and 
Ti), and nickel-Y alloy can be chosen among the above-mentioned quality of the materials. The 
crystal structure is a face-centered cubic, and these quality of the materials are easy to carry out 
priority orientation and have the equivalent desirable crystal face moreover typically expressed in the 
direction parallel to a film surface as a [111} side. The aforementioned seed layer 22 is formed by 
about 30A. 

[0092] The antiferromagnetism layer 4 is formed on the aforementioned seed layer 22. As for the 
aforementioned antiferromagnetism layer 4, it is desirable to be formed with the antiferromagnetism 
material containing Elements X (however, for X to be one sort or two sorts or more of elements 
among Pt, Pd, Ir, Rh, Ru, and Os) and Mn. 

[0093] The X-Mn alloy using these platinum group metals has the property which was excellent in 
corrosion resistance and was excellent as an antiferromagnetism material -- blocking temperature is 
also high and a switched connection magnetic field (Hex) can be enlarged further. It is desirable to 
use Pt especially among platinum group metals, for example, duality - the PtMn alloy formed by the 
system can be used 

[0094] Moreover, at this invention, it is the aforementioned antiferromagnetism layer 4 Element X 
and element X' (however, element X') Ne, Ar, Kr, Xe, Be, B, C, N, Mg, aluminum, Si, P, Ti, V, Cr, Fe, 
Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, Mo, Ag, Cd, Sn, Hf, Ta, W, Re, Au, Pb, And you may form 
with the antiferromagnetism material which contains Mn as they are one sort or two sorts or more of 
elements among rare earth elements. 

[0095] In addition, it is desirable to use for aforementioned element X* the element replaced by a part 
of lattice point of the crystal lattice which trespasses upon the crevice between the space lattices 
which consist of elements X and Mn, or consists of elements X and Mn. The solid solution has 
pointed out the thing of the solid-state with which the component was uniformly mixed in one crystal 
phase here. 

[0096] Interface structure of the aforementioned antiferromagnetism layer 4 and the fixed magnetic 
layer 3 can be made easy to be able to extend a difference with the lattice constant of the fixed 
magnetic layer 3 mentioned later, and to change into a disconformity state, since the lattice 
constant of the aforementioned X-Mn-X' alloy can be enlarged by considering as an interstitial solid 
solution or a substitution solid solution compared with the lattice constant of the aforementioned 
X-Mn alloy film. Moreover, if the composition ratio of aforementioned element X' becomes large too 
much when using element X' which dissolves especially with a replaced type, the property as 
antiferromagnetism will fall and the switched connection magnetic field generated in an interface with 
the fixed magnetic layer 3 will become small. By this invention, it especially dissolves with an invaded 
type, and it is supposed that it is desirable to use the rare-gas element (one sort or two sorts or 
more among Ne, Ar, Kr, and Xe) of inert gas as element X\ It is gas by which it is not greatly affected 
in an antiferromagnetism property even if a rare-gas element contains in a film, since a rare-gas 
element is inert gas, and Ar etc. is further introduced in the sputtering system from the former as 
spatter gas, and is only adjusting gas pressure proper, and Ar can be made to invade into a film easily. 
[0097] In addition, although it is difficult to contain a lot of element X' in a film when the element of a 
gas system is used for element X', in the case of rare gas, a minute amount invasion is only carried 
out into a film, and the switched connection magnetic field generated with heat treatment can be 
enlarged by leaps and bounds. 

[0098] In addition, in this invention, the desirable composition range of aforementioned element X' is 
0.2 to 10 at at%, is at% more preferably, and is 0.5 to 5. Moreover, in this invention, as for the 
aforementioned element X, it is desirable that it is Pt, and it is desirable to use a Pt-Mn-X' alloy 
therefore. 

[0099] Next, on the aforementioned antiferromagnetism layer 4, the fixed magnetic layer 3 formed by 
three layer membranes is formed. 

[0100] The aforementioned fixed magnetic layer 3 is formed by the Co film 11, the Ru film 12, and 
the Co film 13, and RKKY- antiferromagnetism combination which works through the Ru film 12 
between the switched connection magnetic field in an interface with the aforementioned 
antiferromagnetism layer 4 and the aforementioned Co film 11, and the Co film 13 changes mutually 
the magnetization direction of the aforementioned Co film 11 and the Co film 13 into an anti-parallel 
state. This can enlarge the switched connection magnetic field which is called so-called 
ferrimagnetism integrated state, and changes into the state where magnetization of the fixed 
magnetic layer 3 was stabilized by this composition, and is generated in the interface of the 
aforementioned fixed magnetic layer 3 and the antiferromagnetism layer 4. 

[0101] In addition, the aforementioned Co film 11 is formed by about 20A, the Ru film 12 is formed by 



about 8A, and the Co film 13 is formed by about 15 A. 

[0102] In addition, the aforementioned fixed magnetic layer 3 does not need to be formed by three 
layer membranes, for example, may be formed by the monolayer. Moreover, you may form each class 
11, 12, and 13 by material other than the above-mentioned magnetic material. For example, CoFe 
etc. can be chosen as the aforementioned layer 11 or 13 other than Co. 

[0103] The nonmagnetic interlayer 2 is formed on the aforementioned fixed magnetic layer 3. The 
aforementioned nonmagnetic interlayer 2 is formed by Cu. In addition, in the case of the 
magnetoresistance-effect element's in this invention tunnel type magnetoresistance-effect element 
(TMR element) using the principle of the tunnel effect, the aforementioned nonmagnetic interlayer 2 
is formed by the insulating material of for example, aluminum203 grade. 

[0104] Furthermore on the aforementioned nonmagnetic interlayer 2, the free magnetic layer 1 
formed by the two-layer film is formed. 

[0105] The aforementioned free magnetic layer 1 is formed by two-layer [ of the NiFe aDoy film 9 and 
the Co film 10 ]. By forming the aforementioned Co film 10 in the side which touches the 
nonmagnetic interlayer 2, as shown in drawing 1 , diffusion of the metallic element in an interface 
with the aforementioned nonmagnetic interlayer 2 etc. can be prevented, and deltaR/R (resistance 
rate of change) can be enlarged. 

[0106] In addition, the aforementioned NiFe alloy film 9 forms 80 (at%) and Fe for example, for the 
above nickel as 20 (at%). Moreover, the thickness of the aforementioned NiFe alloy film 9 is formed by 
about 45A, and Co film is formed by about 5A. 

[0107] As shown in drawing 1 , on the aforementioned free magnetic layer 1, the protective layer 7 
formed among Ta, Hf, Nb, Zr, Ti, Mo, and W with non -magnetic materials, such as one sort or two 
sorts or more of elements, is formed. 

[0108] Furthermore, the hard bias layer 5 and the conductive layer 8 are formed in the both sides of 
the cascade screen from the aforementioned ground layer 6 to a protective layer 7. Magnetization of 
the free magnetic layer 1 is arranged in the direction of the width of recording track (the direction of 
illustration X) by the bias magnetic field from the aforementioned hard bias layer 5. 
[0109] The aforementioned hard bias layers 5 and 5 are formed with for example, the Co-Pt 
(cobalt-platinum) alloy, the Co-Cr-Pt (cobalt-chromium-platinum) alloy, etc., and conductive layers 8 
and 8 are formed by alpha-Ta, Au, Cr and Cu (copper), W (tungsten), etc. In addition, in the case of 
the above-mentioned tunneled type magnetoresistance-effect element, the aforementioned 
conductive layers 8 and 8 will be formed in the free magnetic layer 1 bottom and the 
antiferromagnetism layer 4 bottom, respectively. 

[0110] Moreover, in this invention, the BAKKUDO layer which consists of Cu, Au, and Ag of a metallic 
material or non-magnetic metal may be formed on the above-mentioned free magnetic layer 1. For 
example, the thickness of the aforementioned BAKKUDO layer is formed by about 12-20A. 
[0111] Moreover, it is desirable that the oxidizing zone to which it changed from Ta etc. and the front 
face oxidized is formed in the aforementioned protective layer 7. 

[0112] By forming the aforementioned BAKKUDO layer, the average free process (mean free path) in 
the electron of + spin (upward spin : up spin) which contributes to the magnetoresistance effect is 
extended, big resistance rate of change is obtained in a spin bulb type magnetic cell according to the 
so-called spin-filter effect (spin filter effect), and it can respond to high recording density-ization. 
[0113] Although heat-treat, the interface of the antiferromagnetism layer 4 and the fixed magnetic 
layer 3 is made to generate a switched connection magnetic field (Hex) and this fixes magnetization 
of the aforementioned fixed magnetic layer 3 in the height direction (the direction of illustration Y) in 
this invention after carrying out the laminating of above-mentioned each class, it has the following 
crystal orientation in the aforementioned spin bulb type thin film after heat treatment. 
[0114] About the aforementioned crystal orientation, the center of the switched connection film 
mainly formed in an antiferromagnetism layer and a ferromagnetic layer (fixed magnetic layer) is 
carried out, and it is explained. 

[0115] In this invention, as described above, the seed layer 22 is formed in the antiferromagnetism 
layer 4 bottom. Priority orientation of the crystal face same in a direction parallel to a film surface as 
the aforementioned seed layer 22 is carried out also for the antiferromagnetism layer 4 formed on 
the aforementioned seed layer 22 of this although it is formed so that the equivalent crystal face to 
which the aforementioned seed layer 22 is typically expressed as [111] sides may carry out priority 
orientation to a film surface to a film surface and a parallel direction. 

[0116] For example, when a field (-111) carries out priority orientation of the seed layer 22 in the 
direction parallel to a film surface, also in the antiferromagnetism layer 4 formed on the 
aforementioned seed layer 22, a field (-111) carries out priority orientation of it in the direction 
parallel to a film surface. 



[0117] The same equivalent crystal face as the aforementioned antiferromagnetism layer 4 carries 
out priority orientation also of the fixed magnetic layer 3 furthermore formed on the aforementioned 
antiferromagnetism layer 4 in the direction parallel to a film surface. 

[0118] That is, in this invention, the same equivalent crystal face typically expressed in the direction 
parallel to a film surface as {111} sides is carrying out priority orientation of the seed layer 22, the 
antiferromagnetism layer 4, and the fixed magnetic layer 3. 

[0119] In addition, although it is desirable that it is the equivalent crystal face typically expressed as 
[111] sides as for the crystal face which carries out priority orientation in the direction parallel to 
the aforementioned film surface in this invention, this is because the aforementioned crystal face is 
the maximum ****. For example, if the environmental temperature and sense current density in 
magnetic-head equipment become high, although thermal stability will be searched for especially, the 
thermal stability of a multilayer interface is able for diffusion of the atom of the direction of 
thickness to be unable to take place easily, if the equivalent crystal face expressed in the direction 
parallel to a fil m surface as [111] sides which are the maximum **** carries out priority orientation, 
and to attain stabilization of increase and a property. 

[0120] By this invention, in this way, although the same equivalent crystal face as a direction parallel 
to a film surface carries out priority orientation of the antiferromagnetism layer 4 and the fixed 
magnetic layer 3, they have turned to a direction different mutually [ a part of a certain same 
crystallographic axis / at least / which exists in the aforementioned crystal face ] at the 
aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3 by this invention further 
(refer to drawing 14 ). In addition, in drawing 14 , it turns out that the direction where the [110] 
directions which exist, for example (111) in a field differ mutually by the aforementioned 
antiferromagnetism layer 4 and the fixed magnetic layer 3 is turned to. 

[0121] It is thought that it depends for the aforementioned antiferromagnetism layer 4 and the fixed 
magnetic layer 3 on in what state membranes were formed in a membrane formation stage (before 
heat treatment) as a cause which produces such crystal orientation. 

[0122] For example, the quality of the material and the composition ratio of the antiferromagnetism 
layer 4 are adjusted, and if each class is formed where it controlled membrane formation conditions 
etc. further and the lattice constant of the aforementioned antiferromagnetism layer 4 is made larger 
enough than the lattice constant of the fixed magnetic layer 3, it will be thought that the 
aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3 seldom carry out epitaxial 
growth. 

[0123] If membranes are formed in epitaxial, all crystal orientation will have an parallel relation and 
will 

be easy to be formed by the antiferromagnetism layer 4 and the fixed magnetic layer 3. And the same 
equivalent crystal face as a direction parallel to the aforementioned interface not only carries out 
priority orientation, but according to the interface of the aforementioned antiferromagnetism layer 4 
and the fixed magnetic layer 3, the array of the atom of the antiferromagnetism layer 4 and the array 
of the atom of the fixed magnetic layer 3 become easy to respond to 1 to 1 by the aforementioned 
interface toward the direction where the existing same equivalent crystallographic axis of the 
antiferromagnetism layer 4 and the fixed magnetic layer 3 which exist in the aforementioned crystal 
face is the same (refer to drawing 15 ) In addition, having turned to the direction where the [110] 
directions which exist in a field (111) are the same in the antiferromagnetism layer 31 and the 
ferromagnetic layer 30 as a concrete example is shown in drawing 15 . 
[0124] If generated in the stage before such crystal orientation heat-treating, even if the 
aforementioned antiferromagnetism layer 4 heat-treats, it will be restrained by the crystal structure 
of the fixed magnetic layer 3, and a suitable rule transformation will not be able to be caused, but a 
switched connection magnetic field will fall very much. 

[0125] In this invention, if it is thought that the antiferromagnetism layer 4 and the fixed magnetic 
layer 3 were formed without carrying out the above epitaxial growth and it heat-treats in the state of 
such membrane formation, the aforementioned antiferromagnetism layer 4 will not be restrained by 
the crystal structure of the fixed magnetic layer 3, but will cause a suitable rule transformation. 

When the membrane structure of the spin bulb film in this invention after heat treatment is 
observed, the aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3 Though the 
same equivalent crystal face carries out priority orientation in the direction parallel to a film surface 
mutually, in other crystal faces which do not carry out orientation in the direction paraDel to the 
aforementioned film surface A part of a certain same equivalent crystallographic axis [ at least ] has 
turned to a direction which exists in the aforementioned crystal face which did not maintain an 
parallel relation by the aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3, 
consequently carried out orientation to aforementioned film surface parallel and which is mutually 



different by the antiferromagnetism layer 4 and the fixed magnetic layer 3. 

[0126] In this invention, the antiferromagnetism layer 4 bottom was covered with the seed layer 22 
as one method for producing the above-mentioned crystal orientation. As already explained, the same 
equivalent crystal face as a direction parallel to a film surface carries out priority orientation of the 
antiferromagnetism layer 4 and the fixed magnetic layer 3 which are formed on the aforementioned 
seed layer 22 by forming the seed layer 22, and such crystal orientation brings about big resistance 
rate of change (deltaR/R). 

[0127] moreover -- this invention -- the film surface of the aforementioned antiferromagnetism 
layer 4 and the fixed magnetic layer 3, although a part of a certain same equivalent crystallographic 
axis [ at least ] has turned to a mutually different direction which exists in the aforementioned 
crystal face which carries out orientation in the parallel direction The ** from which the 
aforementioned antiferromagnetism layer 4 is not restrained for such existence of crystal orientation 
by the crystal structure of the fixed magnetic layer 3 in a heat treatment stage, It is possible it to be 
thought for that it metamorphosed from the face-centered cubic lattice as an irregular phase 
suitable for a face centred tetragonal lattice CuAu-I type [ as a rule phase ], and to acquire a big 
switched connection magnetic field compared with the former. In addition, in this invention, a part of 

at least ] crystal structures of the aforementioned antiferromagnetism layer 4 should just serve as 
an CuAu-I type face-centered square superlattice after heat treatment. 

[0128] Moreover, it is important when acquiring a switched connection magnetic field with big having 
the following crystalline structures in this invention. 

[0129] Namely, by this invention, the grain boundary of the aforementioned antiferromagnetism layer 
4 which appears in the aforementioned cutting plane, and the grain boundary of the fixed magnetic 
layer 3 are in the discontinuous state by a part of interface [ at least ] of the aforementioned 
antiferromagnetism layer 4 and the fixed magnetic layer 3. 

[0130] In addition, the aforementioned grain boundary said by this invention is a boundary where the 
crystal orientation from which two crystal grain differs is maintained, and the crystal grain of each 
above touches, and the boundary (the so-called twin boundary) where an atomic arrangement serves 
as a mirror symmetry between two crystal grain is included. The grain boundary (1) shown in drawing 

28 , (2), (3), and (5) are the former boundaries without special symmetric relation, and they are 
considered for the grain boundary (4) shown in drawing 28 , (8), (9), (10), and (11) to be the latter twin 
boundaries. 

[0131] To drawing 26 and 28 (** type view of the photograph which shows drawing 26 to a 
transmission-electron- microscope photograph (transverse -electromagnetic photograph), and shows 
drawing 28 to drawing 26 ) so that it may be shown in this invention The grain boundary (4), (5), (8), 
(9), (10), and (11) which were formed in the PtMn alloy film (antiferromagnetism layer 4), When the 
grain boundary (1) formed in the antiferromagnetism layer 4 aforementioned upper layer, (2), and (3) 
are in the discontinuous state by the aforementioned interface and such a discontinuous condition 
arises The thing which exists in the crystal face of the direction of a film surface of the 
antiferromagnetism layer 4 and the crystal face of the direction of a film surface of the fixed 
magnetic layer 3 in the aforementioned interface and which has turned to the direction where a part 
of a certain same equivalent crystallographies axis [ at least ] differ can be conjectured. Moreover, 
also in drawing 30 mentioned as another example, and 31, it turns out that the grain boundary 
without 

special symmetric relation formed in the antiferromagnetism layer and the twin boundary are 
discontinuous by the grain boundary and interface which were formed in the ferromagnetic layer. 
[0132] It turns out that it differs from the crystalline structure shown in drawing 27 to which drawing 
26 and the crystal structure shown in 28, 30, and 31 are expressed as an example of comparison, and 

29 (** type view of the photograph which shows drawing 27 to a transmission-electron-microscope 
photograph (transverse-electromagnetic photograph), and shows drawing 29 to drawing 27 ) clearly. In 
drawing 27 and 29, it is because the big crystal grain to which the grain boundary formed in the PtMn 
alloy film (antiferromagnetism layer 4) and the grain boundary formed in the layer on a PtMn alloy 
film 

are missing from the layer on it from the antiferromagnetism layer 4 continuously by the interface, 
and pierces through the aforementioned interface is formed. 

[0133] It is thought that membranes were formed without carrying out epitaxial growth of the 
aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3 to their being drawing 26 

and the switched connection film which has the grain boundary as shown in 28, 30, and 31 in a 
membrane formation stage like this invention, therefore with heat treatment, the aforementioned 
antiferromagnetism layer 4 has caused the suitable rule transformation, without being restrained by 
the crystal structure of the fixed magnetic layer 3, and can acquire the big switched connection 



magnetic field. 

[0134] Moreover, it turns out that the grain boundary (4) shown in drawing 28 , (8), (9), (10), and (11), 
i.e., the twin boundary, are not parallel to an interface. It turns out that the twin boundary similarly 
shown in drawing 30 and drawing 31 as another example is not parallel to the aforementioned 
interface, either. In addition, in any example in this invention, since the aforementioned 
antiferromagnetism layer bottom is covered with the seed layer layer, the equivalent crystal face 
expressed in the direction parallel to the aforementioned interface as [111] sides is carrying out 
priority orientation of the aforementioned antiferromagnetism layer. 

[0135] In addition, twin crystal means one solid-state which two or more single crystals of one 
matter have combined according to specific symmetric relation. And the twin boundary is formed in 
the aforementioned twin crystal, and the atomic arrangement serves as a mirror symmetry bordering 
on the aforementioned twin boundary. Such twin crystal arises because [ of relief of internal stress ]. 
Even if the twin boundary is incidentally formed and relief of internal stress is promoted, when big 
internal stress has occurred in a certain portion, already, by the twin boundary, the boundary where 
suitable internal stress cannot be eased, the crystal orientation from which two crystal grain like the 
grain boundary (5) of drawing 28 and the grain boundary of drawing 30 differs is maintained, and the 
crystal grain of each above touches is formed, and it is thought that the aforementioned big internal 
stress is eased. 

[0136] When the twin boundary formed in the aforementioned antiferromagnetism layer like this 
invention is not parallel to an interface, the thing which exists in the crystal face of the direction of 
a film surface of the antiferromagnetism layer 4 and the crystal face of the direction of a film surface 
of the fixed magnetic layer 3 in the aforementioned interface and which has turned to the direction 
where a part of a certain same equivalent crystallographies axis [ at least ] differ can be conjectured. 
[0137] Although it cannot acquire a big switched connection magnetic field if**** does not have the 
transformation to a superlattice from an irregular grid by performing heat treatment after membrane 
formation as for the aforementioned antiferromagnetism layer 4, the twin boundary from which an 
atomic arrangement changes to a mirror symmetry is formed that the lattice strain produced when 
an atom moves in a direction parallel to an interface and the direction of thickness should be eased 
at the time of a transformation. And the aforementioned twin boundary is formed in aforementioned 
being the interface and being un-parallel at this time. 

[0138] If the aforementioned antiferromagnetism layer metamorphoses suitable for a superlattice 
from an irregular grid, the twin boundary which is the aforementioned interface and un-parallel will 
be 

formed in the aforementioned antiferromagnetism layer, and a big switched connection magnetic field 
will occur. In addition, in a certain twin crystal, two or more aforementioned twin boundaries may be 
formed, and, in this case, each aforementioned twin boundaries will be in an parallel state mostly. 
[0139] On the other hand, in drawing 27 and drawing 29 which show the example of comparison, the 
twin boundary is not formed in the aforementioned antiferromagnetism layer at all. Even if it gives 
this, i.e., heat treatment, it is because the rearrangement which happens at the time of a 
transformation has not accomplished the atom of the aforementioned antiferromagnetism layer, and 
therefore, the transformation to a superlattice from an irregular grid hardly advances, but can acquire 
only a small switched connection magnetic field. 

[0140] Moreover, although it can surmise that the lattice strain to the direction of thickness is 
eased to some extent when the aforementioned twin boundary is parallel to the aforementioned 
interface even if the twin boundary is formed in the aforementioned antiferromagnetism layer, the 
atom rearrangement to a direction parallel to the aforementioned interface does not happen at all, 
and especially therefore, the aforementioned antiferromagnetism layer is not metamorphosing 
suitable for a superlattice from an irregular grid by the interface. Therefore, a switched connection 
magnetic field will become small. 

[0141] In addition, as for the interior angle theta between the aforementioned twin boundary and the 
aforementioned interface (refer to drawing 28 and drawing 31 ), in this invention, it is desirable that it 
is 76 degrees or less at 68 degrees or more. Incidentally the aforementioned interior angle theta of 
about 68 degrees and drawing 31 of the aforementioned interior angle of drawing 28 was about 75 
degrees. The equivalent crystal face expressed in the direction where the aforementioned 
antiferromagnetism layer is parallel to the aforementioned interface that it is this within the limits as 
[111] sides carries out priority orientation. It is still more desirable that the equivalent crystal face 
expressed as [111] sides is carrying out priority orientation also of the aforementioned fixed magnetic 
layer 3. Resistance rate of change can be more effectively raised by this. 

[0142] Moreover, it sets, after heat-treating by forming the antiferromagnetism layer 4 and the fixed 
magnetic layer 3 in this invention. If obtained as a diffraction pattern which observes the crystal 



orientation of the aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3 with a 
transparency electron-diffraction image, and this transparency electron-diffraction image explains 
below The crystal orientation of the antiferromagnetism layer 4 and the fixed magnetic layer 3 The 
same equivalent crystal face as a direction parallel to the interface of the aforementioned 
antiferromagnetism layer 4 and the fixed magnetic layer 3 carries out priority orientation. And it is 
possible to presume what has turned to the direction which exists in the aforementioned crystal 
face, and where a part of a certain same equivalent crystallographies axis [ at least ] differ mutually by 
the aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3. 
[0143] In this invention, incidence of the interface and parallel shell electron ray (beam) of the 
antiferromagnetism layer 4 and the fixed magnetic layer 3 is carried out first, and a transparency 
electron-diffraction image is obtained about each of the antiferromagnetism layer 4 and the fixed 
magnetic layer 3. 

[0144] In the transparency electron -diffraction image of the aforementioned antiferromagnetism 
layer 4 and the fixed magnetic layer 3, the diffraction mottle corresponding to the reciprocal-lattice 
point equivalent to each crystal face of each layer appears. The reciprocal-lattice point (= diffraction 
mottle) describing above is the crystal face expressed with Miller indices, for example, the 
reciprocal-lattice point describing above is a field (110) etc. 

[0145] Next, indexing is performed to the aforementioned diffraction mottle. Since the distance r 
from a beam zero to a diffraction mottle is in inverse proportion to a lattice spacing d, d can be 
known by measuring r. Since the spacing of each crystal plane {hkl}, such as PtMn, and CoFe, NiFe, is 
known to some extent, it can carry out indexing {hkl} hkl [ equivalent to each diffraction mottle ] 
Becoming. Moreover, the transparency electron-diffraction figure which was observed or calculated 
to various kinds of directions of the crystal grain of single crystal structure and by which specific 
indexing which {hkl} Becomes each diffraction mottle was made is carried by the reference of a 
common transparency electron-diffraction image. Using such reference, the diffraction mottle 
obtained from the transparency electron- diffraction image of the above-mentioned 
antiferromagnetism layer 4 and the fixed magnetic layer 3 distinguishes [ the same as that of the 
diffraction mottle of which crystal face in the case of single crystal structure, or ] whether it is 
similar, and performs the same indexing as the case of the aforementioned single crystal {hkl} for 
every diffraction mottle according to each. 

[0146] And the beam zeros which appeared in the transparency electron -diffraction image of the 
above-mentioned antiferromagnetism layer 4 and the transparency electron- diffraction image of the 
fixed magnetic layer 3 are made in agreement, and each diffraction figure is piled up. 
[0147] Or a transparency electron-diffraction image is obtained in the range in which an electron ray 
is simultaneously irradiated by both diamagnetism layer 4 and fixed magnetic layer 3. 
[0148] The diffraction mottle which is located in the direction of thickness when the indexing same 
among the aforementioned diffraction mottles at the diffraction figure of the antiferromagnetism 
layer 4 and the diffraction figure of the fixed magnetic layer 3 is made in this invention and it sees 
from a beam zero and which shows a certain crystal face, The first imaginary line which connected 
the aforementioned beam zero is mutually in agreement by the diffraction figure of the 
aforementioned antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer (** type 
view of the diffraction figure which shows drawing 16 and 18 reference; drawing 16 to a transparency 
electron -diffraction image, and shows drawing 18 to drawing 16 ). This means that the equivalent 
crystal face as the direction of a film surface with same aforementioned antiferromagnetism layer 4 
and fixed magnetic layer 3 is carrying out priority orientation. 

[0149] The second imaginary line which connected the diffraction mottle which furthermore shows a 
certain crystal face located in the direction of [ other than the aforementioned thickness direction ] 
by this invention when the same indexing is made and it sees from the aforementioned beam zero, 
and the aforementioned beam zero is mutually shifted in the diffraction figure of the aforementioned 
antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer ( drawing 16 , 18 
references). About the crystal face which does not carry out orientation in the direction parallel to 
this, i.e., a film surface, it means that it is not an parallel relation mutually by the antiferromagnetism 
layer 4 and the fixed magnetic layer 3. Or when it sees from the aforementioned beam zero, the 
diffraction mottle which is located in the direction of [ other than the aforementioned thickness 
direction ] and which shows a certain crystal face is not an parallel relation mutually by the 
antiferromagnetism layer 4 and the fixed magnetic layer 3 in the state of appearing only in one 
diffraction figure of an antiferromagnetism layer or a ferromagnetic layer. 

[0150] In this invention, a clearly different diffraction figure from the example of comparison shown in 
drawing 17 and 19 (** type view of the diffraction figure which shows drawing 17 to a transparency 
electron-diffraction image, and shows drawing 19 to drawing 17 ) can be obtained. It is because the 



second imaginary line which connected the diffraction mottle which is located in the direction of 

other than the aforementioned thickness direction ], and which shows a certain crystal face, and the 
aforementioned beam zero with drawing 17 and the example of comparison shown in 19 when the 
same indexing was made and it saw from the aforementioned beam zero is mutually in agreement by 
the diffraction figure of the antiferromagnetism layer 4 and the fixed magnetic layer 3. 
[0151] In this invention, when a transparency electron-diffraction image as shown in drawing 16 is 
obtained, the same equivalent crystal face as a direction parallel to a film surface carries out priority 
orientation of the antiferromagnetism layer 4 and the fixed magnetic layer 3, and can guess that they 
are the thing which exists in the aforementioned crystal face and which has turned to the direction 
where a part of a certain same equivalent crystallographies axis [ at least ] differ mutually by the 
aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3. 
[0152] Therefore, if it is the spin bulb film with which the above-mentioned transparency 
electron- diffraction image is obtained, the antiferromagnetism layer 4 has caused the suitable rule 
transformation in the stage which heat-treated, and it is possible to acquire a big switched 
connection magnetic field. 

[0153] In addition, as for the diffraction mottle located in the aforementioned thickness direction in 
this invention, it is desirable that the equivalent crystal face typically expressed as {111} sides is 
shown. 

[0154] Moreover, if obtained as a diffraction pattern which observes the crystal orientation of the 
aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3 with a transparency 
electron- diffraction image from direction where the above is another, and this transparency 
electron- diffraction image explains below by this invention The same equivalent crystal face as a 
direction parallel to a film surface carries out priority orientation of the antiferromagnetism layer 4 
and the fixed magnetic layer 3, and can guess that they are the thing which moreover exists in the 
aforementioned crystal face and which has turned to the direction where a part of a certain same 
equivalent crystallographies axis [ at least ] differ mutually by the aforementioned 
antiferromagnetism 
layer 4 and the fixed magnetic layer 3. 

[0155] That is, in this invention, incidence of the electron ray (beam) is carried out from the 
interface and perpendicular direction of the antiferromagnetism layer 4 and the fixed magnetic layer 
3, and a transparency electron- diffraction image is simultaneously obtained about each of the 
antiferromagnetism layer 4 and the fixed magnetic layer 3 ( drawing 21 referring-to-; drawing 20 and 
drawing 20 the ** type view of the diffraction figure of the antiferromagnetism layer 4 and drawing 21 
** type view of the diffraction figure of the fixed magnetic layer 3). 

[0156] In the transparency electron-diffraction image of the aforementioned antiferromagnetism 
layer 4 and the fixed magnetic layer 3, the diffraction mottle of the same reciprocal-lattice side 
appears. The crystal face [ parallel, the aforementioned reciprocal-lattice side, i.e., the plane of 
projection of an electron-diffraction image, to the crystal face perpendicular to an incidence 
electron ray for example, ] parallel to the aforementioned reciprocal-lattice side is a field (111) etc. 

In addition, in this invention, a direction perpendicular to the aforementioned interface is the 
direction of the equivalent crystallographic axis typically expressed as <111> directions, or, as for the 
crystal face parallel to the aforementioned interface of an antiferromagnetism layer and a 
ferromagnetic layer, it is desirable that it is the equivalent crystal face typically expressed as [111] 
sides. 

[0157] Next, with reference to the reference of the transparency electron -diffraction image in the 
case of single crystal structure etc., indexing is performed to the aforementioned diffraction mottle. 

Since there is a difference in a lattice constant, i.e., the difference in a lattice spacing, in the 
antiferromagnetism layer 4 and the fixed magnetic layer 3, the transparency electron- diffraction spot 
of the antiferromagnetism layer 4 and the transparency electron-diffraction spot of the fixed 
magnetic layer 3 can be easily distinguished by the difference in distance with the beam zero of those 
spots (refer to drawing 22 ). 

[0158] In this invention, the imaginary line (imaginary line **, imaginary line **, and imaginary line 
** 

and imaginary line **) to which the same indexing connected ****** and from a certain diffraction 
mottle to the beam zero with the diffraction figure of the antiferromagnetism layer 4 and the 
diffraction figure of the fixed magnetic layer 3 among the aforementioned diffraction mottles is in the 
state where it shifted mutually in the diffraction figure of the aforementioned antiferromagnetism 
layer, and the diffraction figure of a ferromagnetic layer (refer to drawing 22 ). This means having 
turned to the direction which exists in the crystal face which carried out orientation and where the 
directions of a certain same equivalent crystallographic axis differ mutually by the 



antiferromagnetism 

layer 4 and the fixed magnetic layer 3 in the direction parallel to a film surface. Or the diffraction 
mottle to which a certain indexing was carried out among the aforementioned diffraction mottles 
means having turned to a direction which is mutually different with the antiferromagnetism layer 4 
and the fixed magnetic layer 3 also in the state of appearing only in one diffraction figure of an 
antiferromagnetism layer or a ferromagnetic layer. 

[0159] It turns out that the transparency electron-diffraction images of the example of comparison 
which shows the transparency electron- diffraction image in the above-mentioned this invention to 
drawing 23 or drawing 25 (** type view on top of which the ** type view of the diffraction figure of an 
antiferromagnetism layer and drawing 24 laid the ** type view of the diffraction figure of a fixed 
magnetic layer, and, as for drawing 25 , drawing 23 laid drawing 23 and drawing 24 ) differ clearly. 
[0160] As shown in drawing 25 , imaginary line **** connected from a certain diffraction mottle to 
the beam zero is because it is mutually in agreement by the diffraction figure of the aforementioned 
antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer. 

[0161] Although the same equivalent crystal face as a direction parallel to a film surface carries out 
priority orientation of the antiferromagnetism layer 4 and the fixed magnetic layer 3 in this invention 
when the transparency electron- diffraction image shown in drawing 20 or drawing 22 is obtained, a 
part of a certain same equivalent crystallographic axis [ at least ] is conjectured to have turned to a 
direction which exists in the aforementioned crystal face and which is mutually different by the 
aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3. 
[0162] Therefore, if it is the spin bulb film with which the above-mentioned transparency 
electron-diffraction image is obtained, the antiferromagnetism layer 4 has caused the suitable rule 
transformation in the stage which heat-treated, and it is possible to acquire a big switched 
connection magnetic field. 

[0163] Although the focus of the crystal orientation of the spin bulb type thin film in this invention, 
the grain boundary, and the twin boundary was explained as mentioned above, in order to have 
obtained such crystal orientation, the grain boundary, and the twin boundary, when the 
aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3 are formed, the atom of 
the aforementioned antiferromagnetism layer 4 must be made not to be restrained by the crystal 
structure of the aforementioned fixed magnetic layer 3 firmly. In order to weaken restraint, it is 
desirable that it is in the so-caUed disconformity state by the interface of the aforementioned 
antiferromagnetism layer 4 and the fixed magnetic layer 3. 

[0164] A disconformity state needs to extend the lattice constant of the aforementioned 
antiferromagnetism layer 4 as compared with the lattice constant of the aforementioned fixed 
magnetic layer 3 to make such a disconformity state, although the array of the atom of the 
antiferromagnetism layer 4 and the array of the atom of the fixed magnetic layer 3 say the thing in 
the state where it does not correspond to 1 to 1 by the aforementioned interface. 
[0165] In addition to it, the aforementioned antiferromagnetism layer 4 must cause a suitable rule 
transformation with heat treatment. Even if an interface with the aforementioned fixed magnetic 
layer 3 is in a disconformity state, when the aforementioned antiferromagnetism layer 4 does not 
cause a rule transformation, a switched connection magnetic field will become low after all. 
[0166] It is thought that rationalization of whether to cause the disconformity state in the 
above-mentioned membrane formation stage and a rule transformation has the large place depended 
on the composition ratio and membrane formation conditions of each composition element which 
constitutes the antiferromagnetism layer 4. 

[0167] It is desirable to set the element X of the antiferromagnetism layer 4 or atomic % of element 
X+X* below to 60 (at%) more than 45 (at%) in this invention. This changes an interface with the fixed 
magnetic layer 3 into a disconformity state in a membrane formation stage, and, moreover, it is 
guessed that the aforementioned antiferromagnetism layer 4 is what causes a suitable rule 
transformation with heat treatment. 

[0168] By using the antiferromagnetism layer 4 which is above-mentioned composition within the 
limits, and was formed, and in the spin bulb type thin film after heat treatment Priority orientation of 
the same equivalent crystal face as a direction parallel to a film surface is carried out for the crystal 
orientation of the aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3. And it is 
possible to make it suitable in the direction which exists in the aforementioned crystal face of the 
aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3 and which is mutually 
different in a part of a certain same equivalent crystallographic axis [ at least ]. Moreover, the grain 
boundary of the aforementioned antiferromagnetism layer 4 and the grain boundary of the fixed 
magnetic layer 3 can be changed into a discontinuous state by a part of interface [ at least ]. 
Moreover, [111] plane orientation of the aforementioned antiferromagnetism layer 4 can be carried 



out, and the twin boundary further formed in the aforementioned antiferromagnetism layer 4 can be 
formed by aforementioned being the interface and being un-paraHel. According to the experimental 
result later mentioned as it is above-mentioned composition within the limits, it is possible to acquire 
the switched connection magnetic field more than 1.58x104 (A/m). 

[0169] Moreover, it is desirable to set atomic % of the aforementioned element X or element X+X* 
below to 56.5 (at%) in this invention above 49 (at%). It is possible for this to acquire the switched 
connection magnetic field more than 7.9x104 (A/m). 

[0170] Moreover, the aforementioned membrane formation conditions important for forming a 
disconformity state are Ar gas pressure used in case the aforementioned antiferromagnetism layer 4 
and the fixed magnetic layer 3 are formed, heat treatment conditions, the substrate at the time of 
forming the aforementioned antiferromagnetism layer 4 further and the distance between targets, 
substrate temperature and substrate bias voltage, membrane formation speed, etc. 
[0171] In this invention, for example, the aforementioned Ar gas pressure is set to 3mTorr(s). 
Moreover, heat treatment temperature is made into 300 degrees C or less above 200 degrees C, and 
heat treatment among a magnetic field is carried out for heat treatment time in the vacuum of 10 to 
6 or less Torrs in 2 hours or more. Moreover, distance between the aforementioned substrate and a 
target is set to 80mm. 

[0172] Moreover, in the spin bulb type thin film which has the above-mentioned crystal orientation in 
this invention, it is possible to change a part of interface [ at least ] of the aforementioned 
antiferromagnetism layer 4 and the fixed magnetic layer 3 into a disconformity state after heat 
treatment. 

[0173] Moreover, the crystal orientation of the above-mentioned antiferromagnetism layer 4 and the 
above-mentioned fixed magnetic layer 3 and a transparency electron- diffraction image are observed 
also between the seed layer 22 and the antiferromagnetism layer 4. That is, the same equivalent 
crystal face as a direction parallel to a film surface carried out priority orientation between the 
aforementioned seed layer 22 and the antiferromagnetism layer 4, and a part of a certain same 
equivalent crystallographic axis [ at least ] has turned to a direction which moreover exists in the 
aforementioned crystal face and which is mutually different in the aforementioned seed layer 22 and 
the antiferromagnetism layer 4. 

[0174] Moreover, in the cross section of a direction parallel to the direction of thickness, a part of 
grain boundary of the aforementioned seed layer 22 and grain boundary [ at least ] of the 
antiferromagnetism layer 4 are in the discontinuous state. 

[0175] If such crystal orientation and the grain boundary exist between the seed layer 22 and the 
antiferromagnetism layer 4, in the interface of the aforementioned seed layer 22 and the 
antiferromagnetism layer 4, at least a part tends to maintain a disconformity state, therefore the 
aforementioned antiferromagnetism layer 4 will have caused the suitable rule transformation, without 
being restrained by the crystal structure of the aforementioned seed layer 22, and a still bigger 
switched connection magnetic field will be acquired. 

[0176] Moreover, it is desirable to form the thickness of the aforementioned antiferromagnetism 
layer 4 within the limits of 7nm - 30nm in this invention. Thus, in this invention, even if it makes 
thickness of the aforementioned antiferromagnetism layer 4 thin, a still more suitable switched 
connection magnetic field can be generated. 

[0177] Drawing 2 is the fragmentary sectional view showing the structure of another spin bulb type 
thin film. In this spin bulb type thin film, the laminating of the fixed magnetic layer 3, the 
antiferromagnetism layer 4, and protective layer 7 which consist of the lower shell ground layer 6, 
the free magnetic layer 1 which consists of the NiFe alloy film 9 and the Co film 10, the nonmagnetic 
interlayer 2 and the Co film 11, the Ru film 12, and the Co film 13 is carried out. And the hard bias 
layers 5 and 5 and conductive layers 8 and 8 are formed in the both sides of the aforementioned 
cascade screen. 

[0178] In addition, it is the same as the spin bulb type thin film explained to drawing 1 about the 
quality of the material of each class etc. 

[0179] In the spin bulb type thin film shown in drawing 2 , the same equivalent crystal face as a 
direction parallel to a film surface carried out priority orientation of the antiferromagnetism layer 4 
and the fixed magnetic layer 3, and they have turned to the direction which exists in the 
aforementioned crystal face and where a part of a certain same equivalent crystallographies axis [ at 
least ] differ mutually by the aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 
3. 

[0180] Moreover, when the aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3 
are seen as a cross section from a direction (illustration Z direction) parallel to thickness, an 
interface sets the grain boundary of the aforementioned antiferromagnetism layer 4, and the grain 



boundary of the aforementioned fixed magnetic layer 3 in part at least, and they are in the 
discontinuous state. 

[0181] For this reason, a part of aforementioned interface [ at least ] maintains a disconformity state, 
the suitable rule transformation is made by heat treatment, and the aforementioned 
antiferromagnetism layer 4 can acquire a big switched connection magnetic field. 
[0182] In addition, it is desirable that the equivalent crystal face typically expressed in the direction 
where the antiferromagnetism layer 4 and the fixed magnetic layer 3 are parallel to a film surface as 
[111] sides is carrying out priority orientation. Moreover, it is desirable to have turned to the 
direction where the directions of the equivalent crystallographic axis typically expressed as <110> 
directions in the aforementioned crystal face differ mutually by the antiferromagnetism layer 4 and 
the fixed magnetic layer 3. 

[0183] Moreover, although it is difficult to carry out [111] plane orientation of the aforementioned 
antiferromagnetism layer 4 compared with the case where a laminating is carried out to the order of 
a seed layer, the antiferromagnetism layer 4, and the fixed magnetic layer 3 when the aforementioned 
antiferromagnetism layer 4 is formed on the fixed magnetic layer 3 like this operation gestalt, it is 
possible to make the aforementioned antiferromagnetism layer 4 into [111] plane orientation by 
control of membrane formation conditions etc. And by this invention, twin crystal is formed in the 
aforementioned antiferromagnetism layer 4 in part at least in this case, and the twin boundary of a 
part of aforementioned twin crystal is un-parallel to the aforementioned interface. While being able to 
raise resistance rate of change by this, the aforementioned antiferromagnetism layer 4 is 
metamorphosing into the superlattice from the irregular grid appropriately, and can acquire a big 
switched connection magnetic field. In addition, as for the interior angle between the aforementioned 
twin boundary and an interface, it is desirable that it is 76 degrees or less at 68 degrees or more. 
[0184] moreover, in the spin bulb type thin film shown in drawing 2 In the transparency 
electron -diffraction image of the antiferromagnetism layer 4 which was made to carry out incidence 
of the parallel shell electron ray (beam) to the aforementioned interface, and was obtained, and the 
fixed magnetic layer 3 The diffraction mottle corresponding to the reciprocal -lattice point of 
expressing each crystal face of each layer appears. The diffraction mottle which is located in the 
direction of thickness when the indexing same among the aforementioned diffraction mottles at the 
diffraction figure of the antiferromagnetism layer 4 and the diffraction figure of the fixed magnetic 
layer 3 is made and it sees from a beam zero and which shows a certain crystal face, The first 
imaginary line which connected the aforementioned beam zero is mutually in agreement by the 
diffraction figure of the aforementioned antiferromagnetism layer, and the diffraction figure of a 
ferromagnetic layer. 

[0185] And the second imaginary line which connected with this invention the diffraction mottle 
which is located in the direction of [ other than the aforementioned thickness direction ], and which 
shows a certain crystal face, and the aforementioned zero when the same indexing was made and it 
saw from the aforementioned beam zero is mutually shifted in the diffraction figure of the 
aforementioned antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer. Or when 
it sees from the aforementioned beam zero, the diffraction mottle which is located in the direction of 
[ other than the aforementioned thickness direction ] and which shows a certain crystal face appears 
only in one diffraction figure of an antiferromagnetism layer or a ferromagnetic layer. 
[0186] As for the diffraction mottle located in the aforementioned thickness direction, in the 
above-mentioned case, it is desirable that it is the equivalent crystal face typically expressed as {111} 
sides. 

[0187] or in the spin bulb type thin film shown in drawing 2 In the transparency electron -diffraction 
image of the antiferromagnetism layer 4 which was made to carry out incidence of the electron ray 
(beam), and was obtained from the aforementioned interface and the perpendicular direction, and the 
fixed magnetic layer 3 The diffraction mottle corresponding to the reciprocal-lattice point of 
expressing each crystal face of each layer appears. The imaginary line by which the same indexing was 
made by the diffraction figure of the antiferromagnetism layer 4 and the diffraction figure of the fixed 
magnetic layer 3 and which connected from a certain diffraction mottle to the beam zero is mutually 
shifted among the aforementioned diffraction mottles in the diffraction figure of the aforementioned 
antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer. Or the diffraction mottle 
to which a certain indexing was carried out among the aforementioned diffraction mottles appears 
only in one diffraction figure of an antiferromagnetism layer or a ferromagnetic layer. 
[0188] In the above-mentioned case, a direction perpendicular to the aforementioned interface is the 
direction of the equivalent crystallographic axis typically expressed as <111> directions, or, as for the 
crystal face parallel to the aforementioned interface of an antiferromagnetism layer and a 
ferromagnetic layer, it is desirable that it is the equivalent crystal face typically expressed as [111] 



sides. 

[0189] If the above transparency electron-difiEraction images are obtained, the same equivalent 
crystal face as a direction parallel to a film surface carries out priority orientation of the 
antiferromagnetism layer 4 and the fixed magnetic layer 3, and can guess that they are the thing 
which moreover exists in the aforementioned crystal face and which has turned to the direction 
where a part of a certain same equivalent crystallographies axis [ at least ] differ mutually by the 
antiferromagnetism layer 4 and the fixed magnetic layer 3. 

[0190] And the aforementioned antiferromagnetism layer 4 has caused the suitable rule 
transformation with heat treatment as it is the spin bulb type thin film which has the 
above-mentioned transparency electron -diffraction image, and a big switched connection magnetic 
field is acquired compared with the former. 

[0191] Moreover, as for the element X which constitutes the antiferromagnetism layer 4, or the 
composition ratio of element X+X', in the spin bulb type thin film shown in drawing 2 , it is desirable 
that it is below 60 (at%) more than 45 (at%). It is possible for this to acquire the switched connection 
magnetic field more than 1.58x104 (A/m). 

[0192] Moreover, as for the aforementioned element X or the composition ratio of element X+X', in 
this invention, it is desirable that it is below 57 (at%) more than 49 (at%). It is possible for this to 
acquire the switched connection magnetic field more than 7.9x104 (A/m). 

[0193] Next, drawing 3 is the fragmentary sectional view showing the structure of another spin bulb 
type thin film in this invention. 

[0194] In drawing 3 , the laminating of the lower shell ground layer 6, the seed layer 22, the 
antiferromagnetism layer 4, the fixed magnetic layer 3, the nonmagnetic interlayer 2, and the free 
magnetic layer 1 is carried out. 

[0195] As for the aforementioned ground layer 6, it is desirable to be formed by at least one or more 
sorts of elements among Ta, Hf, Nb, Zr, Ti, Mo, and W. 

[0196] Moreover, as for the aforementioned seed layer 22, it is desirable that the equivalent crystal 
face with which the crystal structure is moreover typically expressed in the direction parallel to an 
interface with the antiferromagnetism layer 4 as [111] sides by mainly consisting of a face-centered 
cubic is carrying out priority orientation. In addition, it is the same as that of what was explained by 
drawing 1 about the quality of the material of the aforementioned seed layer 22 etc. 
[0197] By forming the aforementioned seed layer 22 in the bottom of the antiferromagnetism layer 4, 
the same equivalent crystal face as the aforementioned seed layer 22 carries out priority orientation 
also of the antiferromagnetism layer 4 formed on the aforementioned seed layer 22, the fixed 
magnetic layer 3, the nonmagnetic interlayer 2, and the free magnetic layer 1 in the direction parallel 
to a film surface. 

[0198] Moreover, although the fixed magnetic layer 3 is formed by three layer membranes of the Co 
films 11 and 13 and the Ru film 12, drawing 3 is available, even if other quality of the materials may be 
used and it is formed not by three layer membranes but by the monolayer. 

[0199] Moreover, although the free magnetic layer 1 is formed by the two-layer film of the NiFe alloy 
film 9 and the Co film 10, even if other quality of the materials may be used and it is formed not by 
the two-layer film but by the monolayer, it is not cared about. 

[0200] In the spin bulb type thin fi lm shown in drawing 3 , the same equivalent crystal face as a 
direction parallel to a film surface carried out priority orientation of the antiferromagnetism layer 4 
and the fixed magnetic layer 3, and they have turned to the direction which moreover exists in the 
aforementioned crystal face and where a part of a certain same equivalent crystallographies axis [ at 
least ] differ mutually by the aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 
3. 

[0201] Moreover, when the aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3 
are seen as a cross section from a direction (illustration Z direction) parallel to thickness, the grain 
boundary of the aforementioned antiferromagnetism layer 4 and the grain boundary of the 
aforementioned fixed magnetic layer 3 are in the discontinuous state by a part of aforementioned 
interface [ at least ]. 

[0202] For this reason, a part of aforementioned interface [ at least ] maintains a disconformity state, 
the suitable rule transformation is made by heat treatment, and the aforementioned 
antiferromagnetism layer 4 can acquire a big switched connection magnetic field. 
[0203] In addition, it is desirable that the equivalent crystal face typically expressed in the direction 
parallel to antiferromagnetism layer 4 and fixed magnetic layer 3 film surface as [111] sides is carrying 
out priority orientation. Moreover, it is desirable to have turned to the direction where the directions 
of the equivalent crystallographic axis typically expressed as <110> directions in the aforementioned 
crystal face differ mutually by the antiferromagnetism layer 4 and the fixed magnetic layer 3. 



[0204] Moreover, the equivalent crystal face typically expressed with this invention in the direction 
where the aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3 are parallel to 
the aforementioned interface as [111] sides carries out priority orientation, moreover, twin crystal is 
formed in the aforementioned antiferromagnetism layer 4 in part at least, and the twin boundary of a 
part of aforementioned twin crystal is un-parallel to the aforementioned interface. While being able to 
raise resistance rate of change by this, the aforementioned antiferromagnetism layer 4 is 
metamorphosing into the superlattice from the irregular grid appropriately, and can acquire a big 
switched connection magnetic field. In addition, as for the interior angle between the aforementioned 
twin boundary and an interface, it is desirable that it is 76 degrees or less at 68 degrees or more. 
[0205] moreover, in the spin bulb type thin film shown in drawing 3 In the transparency 
electron-diffraction image of the antiferromagnetism layer 4 which was made to carry out incidence 
of the parallel shell electron ray (beam) to the aforementioned interface, and was obtained, and the 
fixed magnetic layer 3 The diffraction mottle corresponding to the reciprocal-lattice point of 
expressing each crystal face of each layer appears. The diffraction mottle which is located in the 
direction of thickness when the indexing same among the aforementioned diffraction mottles at the 
diffraction figure of the antiferromagnetism layer 4 and the diffraction figure of the fixed magnetic 
layer 3 is made and it sees from a beam zero and which shows a certain crystal face, The first 
imaginary line which connected the aforementioned beam zero is mutually in agreement by the 
diffraction figure of the aforementioned antiferromagnetism layer, and the diffraction figure of a 
ferromagnetic layer. 

[0206] And the second imaginary line which connected with this invention the diffraction mottle 
which is located in the direction of [ other than the aforementioned thickness direction ], and which 
shows a certain crystal face, and the aforementioned beam zero when the same indexing was made 
and it saw from the aforementioned beam zero is mutually shifted in the diffraction figure of the 
aforementioned antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer. 

Moreover, when it sees from the aforementioned beam zero, the diffraction mottle which is located 
in the direction of [ other than the aforementioned thickness direction ] and which shows a certain 
crystal face appears only in one diffraction figure of an antiferromagnetism layer or a ferromagnetic 
layer. 

[0207] As for the diffraction mottle located in the aforementioned thickness direction, in the 
above-mentioned case, it is desirable that it is the equivalent crystal face typically expressed as {111} 
sides. 

[0208] or in the spin bulb type thin film shown in drawing 3 In the transparency electron- diffraction 
image of the antiferromagnetism layer 4 which was made to carry out incidence of the electron ray 
(beam), and was obtained from the aforementioned interface and the perpendicular direction, and the 
fixed magnetic layer 3 The diffraction mottle corresponding to the reciprocal-lattice point of 
expressing each crystal face of each layer appears. The imaginary line by which the same indexing was 
made by the diffraction figure of the antiferromagnetism layer 4 and the diffraction figure of the fixed 
magnetic layer 3 and which connected from a certain diffraction mottle to the beam zero is mutually 
shifted among the aforementioned diffraction mottles in the diffraction figure of the aforementioned 
antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer. Or the diffraction mottle 
to which a certain indexing was carried out among the aforementioned diffraction mottles appears 
only in one diffraction figure of an antiferromagnetism layer or a ferromagnetic layer. 
[0209] In the above-mentioned case, a direction perpendicular to the aforementioned interface is the 
direction of the equivalent crystallographic axis typically expressed as <111> directions, or, as for the 
crystal face parallel to the aforementioned interface of an antiferromagnetism layer and a 
ferromagnetic layer, it is desirable that it is the equivalent crystal face typically expressed as [111] 
sides. 

[0210] If the above transparency electron -diffraction images are obtained, the same equivalent 
crystal face as a direction parallel to a film surface carries out priority orientation of the 
antiferromagnetism layer 4 and the fixed magnetic layer 3, and can guess that they are the thing 
which moreover exists in the aforementioned crystal face and which has turned to the direction 
where a part of a certain same equivalent crystallographies axis [ at least ] differ mutually by the 
aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3. The aforementioned 
antiferromagnetism layer 4 has caused the suitable rule transformation with heat treatment as it is 
the spin bulb type thin film which has the above-mentioned transparency electron-diffraction image, 
and a big switched connection magnetic field is acquired compared with the former. 
[0211] Moreover, as for the element X which constitutes the antiferromagnetism layer 4, or the 
composition ratio of element X+X', in the spin bulb type thin film shown in drawing 3 , it is desirable 
that it is below 60 (at%) more than 45 (at%). It is possible for this to acquire the switched connection 



magnetic field more than 1.58x104 (A/m). 

[0212] Moreover, as for the aforementioned element X or the composition ratio of element X+X', in 
this invention, it is desirable that it is below 56.5 (at%) more than 49 (at%). It is possible for this to 
acquire the switched connection magnetic field more than 7.9x104 (A/m). 

[0213] Moreover, as shown in drawing 3 , on the aforementioned free magnetic layer 1, the interval of 
the width of recording track Tw is opened in the direction of the width of recording track (the 
direction of illustration X), and the exchange bias layers (antiferromagnetism layer) 16 and 16 are 
formed. 

[0214] In addition, this exchange bias layer 16 is a X-Mn alloy (however, X). they are any one sort or 
two sorts or more of elements among Pt, Pd, Ir, Rh, Ru, and Os - desirable -- a PtMn alloy or a 
X-Mn-X' alloy (however, X') Ne, Ar, Kr, Xe, Be, B, C, N, Mg, aluminum, Si, P, Ti, V, Cr, Fe, Co, nickel, 
Cu, Zn, Ga, germanium, Zr, Nb, Mo, Ag, Cd, Sn, Hf, Ta, W, Re, Au, Pb, and the inside of rare earth 
elements - one sort or two sorts or more of elements -- it is it is formed 

[0215] In this invention, the same equivalent crystal face as a direction parallel to a film surface 
carried out priority orientation of the aforementioned exchange bias layer 16 and the free magnetic 
layer 1, some [ at least ] directions of a certain same equivalent crystallographic axis are with the 
aforementioned exchange bias layer 16 and the free magnetic layer 1, and they have turned to a 
mutually different direction which moreover exists in the aforementioned crystal face. 
[0216] Moreover, when the aforementioned exchange bias layer 16 and the free magnetic layer 1 are 
seen as a cross section from a direction (illustration Z direction) parallel to thickness, an interface 
sets the grain boundary of the aforementioned exchange bias layer 16, and the grain boundary of the 
aforementioned free magnetic layer 1 in part at least, and they are in the discontinuous state. 
[0217] For this reason, a part of aforementioned interface [ at least ] maintains a disconformity state, 
the suitable rule transformation is made by heat treatment, and the aforementioned exchange bias 
layer 16 can acquire a big switched connection magnetic field. 

[0218] In addition, as for the exchange bias layer 16 and the free magnetic layer 1, it is desirable that 
the equivalent crystal face typically expressed in the direction parallel to a film surface as [111] sides 
is carrying out priority orientation. Moreover, it is desirable to have turned to the direction where 
the directions of the equivalent crystallographic axis typically expressed as <110> directions in the 
aforementioned crystal face differ mutually by the exchange bias layer 16 and the free magnetic layer 
1. 

[0219] Moreover, the equivalent crystal face typically expressed with this invention in the direction 
where the aforementioned exchange bias layer 16 is parallel to the aforementioned interface as [111] 
sides carries out priority orientation, moreover, twin crystal is formed in the aforementioned 
exchange bias layer 16 in part at least, and the twin boundary of a part of aforementioned twin crystal 
is un-parallel to the aforementioned interface. For this reason, the aforementioned exchange bias 
layer 16 is metamorphosing into the superlattice from the irregular grid appropriately, and can 
acquire 

a big switched connection magnetic field. In addition, as for the interior angle between the 
aforementioned twin boundary and an interface, it is desirable that it is 76 degrees or less at 68 
degrees or more. 

[0220] moreover, in the spin bulb type thin film shown in drawing 3 In the transparency 
electron-diffraction image of the exchange bias layer 16 and the free magnetic layer 1 which were 
made to carry out incidence of the parallel shell electron ray (beam) to the aforementioned interface, 
and were obtained The diffraction mottle corresponding to the reciprocal-lattice point of expressing 
each crystal face of each layer appears. The diffraction mottle which is located in the direction of 
thickness when the indexing same among the aforementioned diffraction mottles at the diffraction 
figure of the exchange bias layer 16 and the diffraction figure of the free magnetic layer 1 is made 
and it sees from a beam zero and which shows a certain crystal face, The first imaginary line which 
connected the aforementioned beam zero is mutually in agreement by the diffraction figure of the 
aforementioned antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer. 
[0221] And the second imaginary line which connected with this invention the diffraction mottle 
which is located in the direction of [ other than the aforementioned thickness direction ], and which 
shows a certain crystal face, and the aforementioned beam zero when the same indexing was made 
and it saw from the aforementioned beam zero is mutually shifted in the diffraction figure of the 
aforementioned antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer. Or when 
it sees from the aforementioned beam zero, the diffraction mottle which is located in the direction of 
[ other than the aforementioned thickness direction ] and which shows a certain crystal face appears 
only in one diffraction figure of an antiferromagnetism layer or a ferromagnetic layer. 
[0222] As for the diffraction mottle located in the aforementioned thickness direction, in the 



above-mentioned case, it is desirable that it is the equivalent crystal face typically expressed as {111} 
sides. 

[0223] or in the spin bulb type thin film shown in drawing 3 In the transparency electron -diffraction 
image of the exchange bias layer 16 and the free magnetic layer 1 which were made to carry out 
incidence of the electron ray (beam), and were obtained from the aforementioned interface and the 
perpendicular direction The diffraction mottle corresponding to the reciprocal-lattice point of 
expressing each crystal face of each layer appears. The imaginary line by which the same indexing was 
made by the diffraction figure of the exchange bias layer 16 and the diffraction figure of the free 
magnetic layer 1 and which connected from a certain diffraction mottle to the beam zero is mutually 
shifted among the aforementioned diffraction mottles in the diffraction figure of the aforementioned 
antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer. Or the diffraction mottle 
to which a certain indexing was carried out among the aforementioned diffraction mottles appears 
only in one diffraction figure of an antiferromagnetism layer or a ferromagnetic layer. 
[0224] In the above-mentioned case, a direction perpendicular to the aforementioned interface is the 
direction of the equivalent crystallographic axis typically expressed as <111> directions, or, as for the 
crystal face parallel to the aforementioned interface of an antiferromagnetism layer and a 
ferromagnetic layer, it is desirable that it is the equivalent crystal face typically expressed as [111] 
sides. 

[0225] The same equivalent crystal face as a direction parallel to a film surface carries out priority 
orientation of the exchange bias layer 16 and the free magnetic layer 1 to it being the spin bulb type 
thin film which has the above transparency electron-diffraction images, and it is guessed that it is 
the thing which moreover exists in the aforementioned crystal face and which has turned to the 
direction where a part of a certain same equivalent crystaDographics axis [ at least ] differ mutually by 
the aforementioned exchange bias layer 16 and the free magnetic layer 1. And in the spin bulb type 
thin film which has the aforementioned transparency electron -diffraction image, the aforementioned 
exchange bias layer 16 has caused the suitable rule transformation with heat treatment, and a big 
switched connection magnetic field is acquired compared with the former. 

[0226] At the both-sides edge of the aforementioned free magnetic layer 1, the free magnetic layer 
1 is formed into a single magnetic domain in the direction of illustration X by the switched 
connection magnetic field between the exchange bias layers 16, and magnetization of the 
width-of-recording- track Tw field of the free magnetic layer 1 is arranged with the grade which 
reacts to an external magnetic field in the direction of illustration X at fitness. 

[0227] Thus, with the formed single spin bulb type magnetoresistance- effect element, magnetization 
of the width-of-recording- track Tw field of the free magnetic layer 1 changes with the external 
magnetic fields of the direction of illustration Y in the direction of illustration Y from illustration X. 

Electric resistance changes by the relation between change of the direction of magnetization within 
this free magnetic layer 1, and the fixed magnetization direction (the direction of illustration Y) of 
the fixed magnetic layer 3, and the leak magnetic field from a record medium is detected by the 
voltage change based on this electric resistance value change. 

[0228] Drawing 4 is the fragmentary sectional view showing the structure of other spin bulb type thin 
films in this invention. 

[0229] In the spin bulb type thin film shown in drawing 4 , the seed layer 22 of the couple which 
opened the interval of the width of recording track Tw in the direction of the width of recording track 
(the direction of illustration X) is formed, and the exchange bias layers 16 and 16 are formed on the 
aforementioned seed layer 22. 

[0230] It is buried by the insulating layer 17 formed by the insulating material of Si02 or 
aluminum203 grade between the seed layer 22 of the aforementioned couple, and the exchange bias 
layer 16. 

[0231] And the free magnetic layer 1 is formed on the aforementioned exchange bias layer 16 and 
the insulating layer 17. 

[0232] It is formed with a X-Mn alloy or a X-Mn-X' alloy, and as for the aforementioned element X or 
the composition ratio of element X+X\ it is desirable that it is below 60 (at%) more than 45 (at%), and 
the aforementioned exchange bias layer 16 is below 56.5 (at%) more than 49 (at%) more preferably. 
[0233] By heat-treating, the aforementioned exchange bias layer 16 cannot be restrained by the 
crystal structure of the free magnetic layer 1, but can cause a suitable rule transformation, and can 
acquire a big switched connection magnetic field compared with the former. 

[0234] In this invention, after heat treatment, the same equivalent crystal face as a direction parallel 
to a film surface carried out priority orientation of the aforementioned exchange bias layer 16 and 
the free magnetic layer 1, and they have turned to the direction which moreover exists in the 
aforementioned crystal face and where a part of a certain same equivalent crystallographies axis [ at 



least ] differ mutually by the aforementioned exchange bias layer 16 and the free magnetic layer 1. 
[0235] Moreover, when the aforementioned exchange bias layer 16 and the free magnetic layer 1 are 
seen as a cross section from a direction (illustration Z direction) parallel to thickness, an interface 
sets the grain boundary of the aforementioned exchange bias layer 16, and the grain boundary of the 
aforementioned free magnetic layer 1 in part at least, and they are in the discontinuous state. 
[0236] For this reason, a part of aforementioned interface [ at least ] maintains a disconformity state, 
the suitable rule transformation is made by heat treatment, and the aforementioned exchange bias 
layer 16 can acquire a big switched connection magnetic field. 

[0237] In addition, as for the exchange bias layer 16 and the free magnetic layer 1, it is desirable that 
the equivalent crystal face typically expressed in the direction parallel to a film surface as [111] sides 
is carrying out priority orientation. Moreover, it is desirable to have turned to the direction where 
the directions of the equivalent crystallographic axis typically expressed as <110> directions in the 
aforementioned crystal face differ mutually by the exchange bias layer 16 and the free magnetic layer 
1. 

[0238] Moreover, the equivalent crystal face typically expressed with this invention in the direction 
where the aforementioned exchange bias layer 16 is parallel to the aforementioned interface as [111] 
sides carries out priority orientation, moreover, twin crystal is formed in the aforementioned 
exchange bias layer 16 in part at least, and the twin boundary of a part of aforementioned twin crystal 
is un-parallel to the aforementioned interface. For this reason, the aforementioned exchange bias 
layer 16 is metamorphosing into the superlattice from the irregular grid appropriately, and can 
acquire 

a big switched connection magnetic field. In addition, as for the interior angle between the 
aforementioned twin boundary and an interface, it is desirable that it is 76 degrees or less at 68 
degrees or more. 

[0239] moreover, in the spin bulb type thin film shown in drawing 4 In the transparency 
electron-diffraction image of the exchange bias layer 16 and the free magnetic layer 1 which were 
made to carry out incidence of the parallel shell electron ray (beam) to the aforementioned interface, 
and were obtained The diffraction mottle corresponding to the reciprocal-lattice point of expressing 
each crystal face of each layer appears. The diffraction mottle which is located in the direction of 
thickness when the indexing same among the aforementioned diffraction mottles at the diffraction 
figure of the exchange bias layer 16 and the diffraction figure of the free magnetic layer 1 is made 
and it sees from a beam zero and which shows a certain crystal face, The first imaginary line which 
connected the aforementioned beam zero is mutually in agreement by the diffraction figure of the 
aforementioned antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer. 
[0240] And the second imaginary line which connected with this invention the diffraction mottle 
which is located in the direction of [ other than the aforementioned thickness direction ], and which 
shows a certain crystal face, and the aforementioned beam zero when the same indexing was made 
and it saw from the aforementioned zero is mutually shifted in the diffraction figure of the 
aforementioned antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer. Or when 
it sees from the aforementioned beam zero, the diffraction mottle which is located in the direction of 
[ other than the aforementioned thickness direction ] and which shows a certain crystal face appears 
only in one diffraction figure of an antiferromagnetism layer or a ferromagnetic layer. 
[0241] As for the diffraction mottle located in the aforementioned thickness direction, in the 
above-mentioned case, it is desirable that the equivalent crystal face typically expressed as {111} 
sides is shown. 

[0242] or in the spin bulb type thin film shown in drawing 4 In the transparency electron -diffraction 
image of the exchange bias layer 16 and the free magnetic layer 1 which were made to carry out 
incidence of the electron ray (beam), and were obtained from the aforementioned interface and the 
perpendicular direction The diffraction mottle corresponding to the reciprocal-lattice point of 
expressing each crystal face of each layer appears. The imaginary line by which the same indexing was 
made by the diffraction figure of the exchange bias layer 16 and the diffraction figure of the free 
magnetic layer 1 and which connected from a certain diffraction mottle to the beam zero is mutually 
shifted among the aforementioned diffraction mottles in the diffraction figure of the aforementioned 
antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer. Or the diffraction mottle 
to which a certain indexing was carried out among the aforementioned diffraction mottles appears 
only in one diffraction figure of an antiferromagnetism layer or a ferromagnetic layer. 
[0243] In the above-mentioned case, a direction perpendicular to the aforementioned interface is the 
direction of the equivalent crystallographic axis typically expressed as <111> directions, or, as for the 
crystal face parallel to the aforementioned interface of an antiferromagnetism layer and a 
ferromagnetic layer, it is desirable that it is the equivalent crystal face typically expressed as [111] 



sides. 

[0244] If the above transparency electron -diffraction images are obtained, the same equivalent 
crystal face as a direction parallel to a film surface carries out priority orientation of the exchange 
bias layer 16 and the free magnetic layer 1, and can guess that they are the thing which exists in the 
aforementioned crystal face and which has turned to the direction where a part of a certain same 
equivalent crystallographies axis [ at least ] differ mutually by the aforementioned exchange bias layer 
16 and the free magnetic layer 1. And the aforementioned exchange bias layer 16 has caused the 
suitable rule transformation with heat treatment as it is the above-mentioned spin bulb type thin film, 
and a big switched connection magnetic field is acquired compared with the former. 
[0245] At the both-sides edge of the aforementioned free magnetic layer 1, a single magnetic domain 
is formed in the direction of illustration X by the switched connection magnetic field between the 
exchange bias layers 16, and magnetization of the width-of-recording-track Tw field of the free 
magnetic layer 1 is arranged with the grade which reacts to an external magnetic field in the 
direction of illustration X at fitness. 

[0246] As shown in drawing 4 , the nonmagnetic interlayer 2 is formed on the aforementioned free 
magnetic layer 1, and on the aforementioned nonmagnetic interlayer 2, the fixed magnetic layer 3 is 
formed further. Furthermore on the aforementioned fixed magnetic layer 3, the antiferromagnetism 
layer 4 is formed. 

[0247] In this invention, after heat treatment, the same equivalent crystal face as a direction parallel 
to a film surface carried out priority orientation of the aforementioned antiferromagnetism layer 4 
and the fixed magnetic layer 3, and they have turned to the direction which moreover exists in the 
aforementioned crystal face and where a part of a certain same equivalent crystallographies axis [ at 
least ] differ mutually by the aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 
3. 

[0248] Moreover, when the aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3 
are seen as a cross section from a direction (illustration Z direction) parallel to thickness, an 
interface sets the grain boundary of the aforementioned antiferromagnetism layer 4, and the grain 
boundary of the aforementioned fixed magnetic layer 3 in part at least, and they are in the 
discontinuous state. 

[0249] For this reason, a part of aforementioned interface [ at least ] maintains a disconformity state, 
the suitable' rule transformation is made by heat treatment, and the aforementioned 
antiferromagnetism layer 4 can acquire a big switched connection magnetic field. 
[0250] In addition, it is desirable that the equivalent crystal face typically expressed in the direction 
parallel to antiferromagnetism layer 4 and fixed magnetic layer 3 film surface as [111] sides is carrying 
out priority orientation. Moreover, it is desirable to have turned to the direction where the directions 
of the equivalent crystallographic axis typically expressed as <110> directions in the aforementioned 
crystal face differ mutually by the antiferromagnetism layer 4 and the fixed magnetic layer 3. 
[0251] Moreover, the equivalent crystal face typically expressed with this invention in the direction 
where the aforementioned antiferromagnetism layer 4 is parallel to the aforementioned interface as 
[111] sides carries out priority orientation, moreover, twin crystal is formed in the aforementioned 
antiferromagnetism layer 4 in part at least, and the twin boundary of a part of aforementioned twin 
crystal is un-parallel to the aforementioned interface. While being able to raise resistance rate of 
change by this, the aforementioned antiferromagnetism layer 4 is metamorphosing into the 
superlattice from the irregular grid appropriately, and can acquire a big switched connection magnetic 
field. In addition, as for the interior angle between the aforementioned twin boundary and an 
interface, 

it is desirable that it is 76 degrees or less at 68 degrees or more. 

[0252] moreover, in the spin bulb type thin film shown in drawing 4 In the transparency 
electron- diffraction image of the anti-strong magnetic layer layer 4 which was made to carry out 
incidence of the parallel shell electron ray (beam) to the aforementioned interface, and was obtained, 
and the fixed magnetic layer 3 The diffraction mottle corresponding to the reciprocal-lattice point of 
expressing each crystal face of each layer appears. The diffraction mottle which is located in the 
direction of thickness when the indexing same among the aforementioned diffraction mottles at the 
diffraction figure of the antiferromagnetism layer 4 and the diffraction figure of the fixed magnetic 
layer 3 is made and it sees from a beam zero and which shows a certain crystal face, The first 
imaginary line which connected the aforementioned beam zero is mutually in agreement by the 
diffraction figure of the aforementioned antiferromagnetism layer, and the diffraction figure of a 
ferromagnetic layer. 

[0253] And the second imaginary line which connected with this invention the diffraction mottle 
which is located in the direction of [ other than the aforementioned thickness direction ], and which 



shows a certain crystal face, and the aforementioned beam zero when the same indexing was made 
and it saw from the aforementioned beam zero is mutually shifted in the diffraction figure of the 
aforementioned antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer. Or when 
it sees from the aforementioned beam zero, the diffraction mottle which is located in the direction of 
[ other than the aforementioned thickness direction ] and which shows a certain crystal face appears 
only in one diffraction figure of an antiferromagnetism layer or a ferromagnetic layer. 
[0254] As for the diffraction mottle located in the aforementioned thickness direction, in the 
above-mentioned case, it is desirable that the equivalent crystal face typically expressed as {111} 
sides is shown. 

[0255] or in the spin bulb type thin film shown in drawing 4 In the transparency electron-diffraction 
image of the antiferromagnetism layer 4 which was made to carry out incidence of the electron ray 
(beam), and was obtained from the aforementioned interface and the perpendicular direction, and the 
fixed magnetic layer 3 The diffraction mottle corresponding to the reciprocal-lattice point of 
expressing each crystal face of each layer appears. The imaginary fine by which the same indexing was 
made by the diffraction figure of the antiferromagnetism layer 4 and the diffraction figure of the fixed 
magnetic layer 3 and which connected from a certain diffraction mottle to the beam zero is mutually 
shifted among the aforementioned diffraction mottles in the diffraction figure of the aforementioned 
antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer. Or the diffraction mottle 
to which a certain indexing was carried out among the aforementioned diffraction mottles appears 
only in one diffraction figure of an antiferromagnetism layer or a ferromagnetic layer. 
[0256] In the above-mentioned case, a direction perpendicular to the aforementioned interface is the 
direction of the equivalent cry stallo graphic axis typically expressed as <111> directions, or, as for the 
crystal face parallel to the aforementioned interface of an antiferromagnetism layer and a 
ferromagnetic layer, it is desirable that it is the equivalent crystal face typically expressed as [111] 
sides. 

[0257] If the above transparency electron -diffraction images are obtained, the same equivalent 
crystal face as a direction parallel to a film surface carries out priority orientation of the 
antiferromagnetism layer 4 and the fixed magnetic layer 3, and what has turned to the direction which 
moreover exists in the aforementioned crystal face, and where a part of a certain same equivalent 
crystallographies axis [ at least ] differ mutually by the antiferromagnetism layer 4 and the fixed 
magnetic layer 3 can be conjectured. And the aforementioned antiferromagnetism layer 4 has caused 
the suitable rule transformation with heat treatment as it is the spin bulb type thin film which has the 
above-mentioned transparency electron -diffraction image, and a big switched connection magnetic 
field is acquired compared with the former. 

[0258] Drawing 5 is the fragmentary sectional view showing the structure of the dual spin bulb type 
thin film in this invention. 

[0259] As shown in drawing 5 , the laminating of the lower shell ground layer 6, the seed layer 22, the 
antiferromagnetism layer 4, the fixed magnetic layer 3, the nonmagnetic interlayer 2, and the free 
magnetic layer 1 is carried out continuously. The aforementioned free magnetic layer 1 is formed by 
three layer membranes, for example, consists of Co films 10 and 10 and a NiFe alloy film 9. 
Furthermore on the aforementioned free magnetic layer 1, the laminating of the nonmagnetic 
interlayer 2, the fixed magnetic layer 3, the antiferromagnetism layer 4, and the protective layer 7 is 
carried out continuously. 

[0260] Moreover, the laminating of the hard bias layers 5 and 5 and the conductive layers 8 and 8 is 
carried out to the both sides of the multilayer from the ground layer 6 to a protective layer 7. In 
addition, each class is formed with the same quality of the material as the quality of the material 
explained by drawing 1 . 

[0261] The seed layer 22 is formed in the bottom of the antiferromagnetism layer 4 located in the 
illustration bottom rather than the free magnetic layer 1 in this example. As for the element X which 
furthermore constitutes the aforementioned antiferromagnetism layer 4, or the composition ratio of 
element X+X\ it is desirable to be formed more than 45 (at%) above 60 (at%), and it is below 56.5 (at%) 
more than 49 (at%) more preferably. 

[0262] And in this invention, the same equivalent crystal face as a direction parallel to the interface 
of the aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3 carried out priority 
orientation of the crystal orientation of the aforementioned antiferromagnetism layer 4 and the fixed 
magnetic layer 3 after heat treatment, and a part of a certain same equivalent crystallographic axis 

at least ] has turned to a mutually different direction which exists in the aforementioned crystal face 
of the aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3. 

[0263] Moreover, when the aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3 
are seen as a cross section from a direction (illustration Z direction) parallel to thickness, an 



interface sets the grain boundary of the aforementioned antiferromagnetism layer 4, and the grain 
boundary of the aforementioned fixed magnetic layer 3 in part at least, and they are in the 
discontinuous state. 

[0264] For this reason, a part of aforementioned interface [ at least ] maintains a disconformity state, 
the suitable rule transformation is made by heat treatment, and the aforementioned 
antiferromagnetism layer 4 can acquire a big switched connection magnetic field. 
[0265] In addition, it is desirable that the equivalent crystal face typically expressed in the direction 
parallel to antiferromagnetism layer 4 and fixed magnetic layer 3 film surface as [111] sides is carrying 
out priority orientation. Moreover, it is desirable to have turned to the direction where the directions 
of the equivalent crystallographic axis typically expressed as <110> directions in the aforementioned 
crystal face differ mutually by the antiferromagnetism layer 4 and the fixed magnetic layer 3. 
[0266] Moreover, the equivalent crystal face typically expressed with this invention in the direction 
where the aforementioned antiferromagnetism layer 4 is parallel to the aforementioned interface as 
[111] sides carries out priority orientation, moreover, twin crystal is formed in the aforementioned 
antiferromagnetism layer 4 in part at least, and the twin boundary of a part of aforementioned twin 
crystal is un-parallel to the aforementioned interface. While being able to raise resistance rate of 
change by this, the aforementioned antiferromagnetism layer 4 is metamorphosing into the 
superlattice from the irregular grid appropriately, and can acquire a big switched connection magnetic 
field. In addition, as for the interior angle between the aforementioned twin boundary and an 
interface, 

it is desirable that it is 76 degrees or less at 68 degrees or more. 

[0267] Moreover, in the dual spin bulb type thin film shown in drawing 5 , the crystal orientation of 
the fixed magnetic layer 3 formed below the free magnetic layer 1 and not only the 
antiferromagnetism layer 4 but the whole cascade screen has the same crystal orientation as the 
above. 

[0268] That is, in this invention, a part of a certain same equivalent crystallographic axis [ at least ] 
has turned to a direction the same equivalent crystal face as a direction parallel to a film surface 
carries out priority orientation also of whose antiferromagnetism layer 4 and fixed magnetic layer 3 
which were formed above the free magnetic layer 1, and they moreover exist in the aforementioned 
crystal face and which is mutually different by the aforementioned antiferromagnetism layer 4 and the 
fixed magnetic layer 3. 

[0269] Moreover, when the aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3 
are seen as a cross section from a direction (illustration Z direction) parallel to thickness, an 
interface sets the grain boundary of the aforementioned antiferromagnetism layer 4, and the grain 
boundary of the aforementioned fixed magnetic layer 3 in part at least, and they are in the 
discontinuous state. 

[0270] For this reason, a part of aforementioned interface [ at least ] maintains a disconformity state, 
the suitable rule transformation is made by heat treatment, and the aforementioned 
antiferromagnetism layer 4 can acquire a big switched connection magnetic field. 
[0271] In addition, it is desirable that the equivalent crystal face typically expressed in the direction 
parallel to antiferromagnetism layer 4 and fixed magnetic layer 3 film surface as [111] sides is carrying 
out priority orientation. Moreover, it is desirable to have turned to the direction where the directions 
of the equivalent crystallographic axis typically expressed as <110> directions in the aforementioned 
crystal face differ mutually by the antiferromagnetism layer 4 and the fixed magnetic layer 3. 
[0272] Moreover, the equivalent crystal face typically expressed with this invention in the direction 
where the aforementioned antiferromagnetism layer 4 is parallel to the aforementioned interface as 
[111] sides carries out priority orientation, moreover, twin crystal is formed in the aforementioned 
antiferromagnetism layer 4 in part at least, and the twin boundary of a part of aforementioned twin 
crystal is un-parallel to the aforementioned interface. While being able to raise resistance rate of 
change by this, the aforementioned antiferromagnetism layer 4 is metamorphosing into the 
superlattice from the irregular grid appropriately, and can acquire a big switched connection magnetic 
field. In addition, as for the interior angle between the aforementioned twin boundary and an 
interface, 

it is desirable that it is 76 degrees or less at 68 degrees or more. 

[0273] moreover, in the spin bulb type thin film shown in drawing 5 In the transparency 
electron-diffraction image of the antiferromagnetism layer 4 which was made to carry out incidence 
of the parallel sheU electron ray (beam) to the aforementioned interface, and was obtained, and the 
fixed magnetic layer 3 The diffraction mottle corresponding to the reciprocal-lattice point of 
expressing each crystal face of each layer appears. The diffraction mottle which is located in the 
direction of thickness when the indexing same among the aforementioned diffraction mottles at the 



diffraction figure of the antiferromagnetism layer 4 and the diffraction figure of the fixed magnetic 
layer 3 is made and it sees from a beam zero and which shows a certain crystal face, The first 
imaginary line which connected the aforementioned beam zero is mutually in agreement by the 
diffraction figure of the aforementioned antiferromagnetism layer, and the diffraction figure of a 
ferromagnetic layer. 

[0274] And the second imaginary line which connected with this invention the diffraction mottle 
which is located in the direction of [ other than the aforementioned thickness direction ], and which 
shows a certain crystal face, and the aforementioned beam zero when the same indexing was made 
and it saw from the aforementioned beam zero is mutually shifted in the diffraction figure of the 
aforementioned antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer. Or when 
it sees from the aforementioned beam zero, the diffraction mottle which is located in the direction of 
[ other than the aforementioned thickness direction ] and which shows a certain crystal face appears 
only in one diffraction figure of an antiferromagnetism layer or a ferromagnetic layer. 
[0275] As for the diffraction mottle located in the aforementioned thickness direction, in the 
above-mentioned case, it is desirable that the equivalent crystal face typically expressed as {111} 
sides is shown. 

[0276] or in the spin bulb type thin film shown in drawing 5 In the transparency electron-diffraction 
image of the antiferromagnetism layer 4 which was made to carry out incidence of the electron ray 
(beam), and was obtained from the aforementioned interface and the perpendicular direction, and the 
fixed magnetic layer 3 The diffraction mottle corresponding to the reciprocal-lattice point of 
expressing each crystal face of each layer appears. The imaginary line by which the same indexing was 
made by the diffraction figure of the antiferromagnetism layer 4 and the diffraction figure of the fixed 
magnetic layer 3 and which connected from a certain diffraction mottle to the beam zero is mutually 
shifted among the aforementioned diffraction mottles in the diffraction figure of the aforementioned 
antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer. Or the diffraction mottle 
to which a certain indexing was carried out among the aforementioned diffraction mottles appears 
only in one diffraction figure of an antiferromagnetism layer or a ferromagnetic layer. 
[0277] In the above-mentioned case, a direction perpendicular to the aforementioned interface is the 
direction of the equivalent crystallographic axis typically expressed as <111> directions, or, as for the 
crystal face parallel to the aforementioned interface of an antiferromagnetism layer and a 
ferromagnetic layer, it is desirable that it is the equivalent crystal face typically expressed as [111] 
sides. 

[0278] If the above transparency electron-diffraction images are obtained, the same equivalent 
crystal face as a direction parallel to a film surface will carry out priority orientation of the 
antiferromagnetism layer 4 and the fixed magnetic layer 3, and it will be guessed that they are the 
thing which moreover exists in the aforementioned crystal face and which has turned to the 
direction where a part of a certain same equivalent crystallographies axis [ at least ] differ mutually by 
the antiferromagnetism layer 4 and the fixed magnetic layer 3. Therefore, the aforementioned 
antiferromagnetism layer 4 has caused the suitable rule transformation with heat treatment as it is 
the spin bulb type thin film which has the above-mentioned transparency electron-diffraction image, 
and a big switched connection magnetic field is acquired compared with the former. 
[0279] Drawing 6 and 7 are the cross sections showing the structure of the AMR type 
magnetoresistance-effect element of this invention. As shown in drawing 6 , the laminating of the 
lower shell soft-magnetism layer (SAL layer) 18, a non-magnetic layer (SHUNT layer) 19, and the 
magnetic-reluctance layer (MR layer) 20 is carried out continuously. 

[0280] For example, the aforementioned soft- magnetism layer 18 is formed with a Fe-nickel-Nb alloy, 
and the non-magnetic layer 19 is formed for Ta film and the magnetic-reluctance layer 20 with the 
NiFe alloy. 

[0281] On the aforementioned magnetic-reluctance layer 20, the exchange bias layers 
(antiferromagnetism layer) 21 and 21 are formed at the portion of the both sides of the direction of 
the width of recording track (the direction of X) which opened the width of recording track Tw. 
Although a conductive layer does not illustrate, it is formed, for example on the aforementioned 
exchange bias layers 21 and 21. 

[0282] Moreover, in drawing 7 , the interval of the width of recording track Tw is opened in the 
direction of the width of recording track (the direction of illustration X), and the seed layer 22 of a 
couple is formed. The exchange bias layers 21 and 21 are formed on the aforementioned seed layer 
22, and it is buried by the seed layer 22 of the aforementioned couple and the exchange bias layer 21, 
and the insulating layer 26 in which between 21 was formed by the insulating material of Si02 or 
aluminum203 grade. 

[0283] And the laminating of the magnetic- reluctance layer (MR layer) 20, a non-magnetic layer 



(SHUNT layer) 19, and the soft- magnetism layer (SAL layer) 18 is carried out on the aforementioned 
exchange bias layers 21 and 21 and the aforementioned insulating layer 26. 

[0284] In this invention, the same equivalent crystal face as a direction parallel to a film surface 
carried out priority orientation of the exchange bias layer 21 and the magnetic-reluctance layer 20 
which are shown in drawing 6 and 7, and they have turned to the direction which moreover exists in 
the aforementioned crystal face and where a part of a certain same equivalent crystallographies axis 
at least ] differ mutually in the aforementioned exchange bias layer 21 and the magnetic-reluctance 
layer 20. 

[0285] Moreover, when the aforementioned exchange bias layer 21 and the magnetic-reluctance 
layer 20 are seen as a cross section from a direction (illustration Z direction) parallel to thickness, an 
interface sets the grain boundary of the aforementioned exchange bias layer 21, and the grain 
boundary of the aforementioned magnetic-reluctance layer 20 in part at least, and they are in the 
discontinuous state. 

[0286] For this reason, a part of aforementioned interface [ at least ] maintains a disconformity state, 
the suitable rule transformation is made by heat treatment, and the aforementioned exchange bias 
layer 21 can acquire a big switched connection magnetic field. 

[0287] In addition, as for the exchange bias layer 21 and the magnetic-reluctance layer 20, it is 
desirable that the equivalent crystal face typically expressed in the direction parallel to a film surface 
as [111] sides is carrying out priority orientation. Moreover, it is desirable to have turned to the 
direction where the directions of the equivalent crystallographic axis typically expressed as <110> 
directions in the aforementioned crystal face differ mutually in the exchange bias layer 21 and the 
magnetic-reluctance layer 20. 

[0288] Moreover, the equivalent crystal face typically expressed with this invention in the direction 
where the aforementioned exchange bias layer 21 is parallel to the aforementioned interface as [111] 
sides carries out priority orientation, moreover, twin crystal is formed in the aforementioned 
exchange bias layer 21 in part at least, and the twin boundary of a part of aforementioned twin crystal 
is un-parallel to the aforementioned interface. For this reason, the aforementioned exchange bias 21 
is metamorphosing into the superlattice from the irregular grid appropriately, and can acquire a big 
switched connection magnetic field. In addition, as for the interior angle between the aforementioned 
twin boundary and an interface, it is desirable that it is 76 degrees or less at 68 degrees or more. 
[0289] moreover, in the transparency electron -diffraction image of the exchange'bias layer 21 which 
was made to carry out incidence of the electron ray (beam) to the aforementioned interface in 
drawing 6 and the AMR type thin film shown in 7 since it was parallel, and was obtained, and the 
magnetic-reluctance layer 20 The diffraction mottle corresponding to the reciprocal-lattice point of 
expressing each crystal face of each layer appears. The diffraction mottle which is located in the 
direction of thickness when the indexing same among the aforementioned diffraction mottles at the 
diffraction figure of the exchange bias layer 21 and the diffraction figure of the magnetic-reluctance 
layer 20 is made and it sees from a beam zero and which shows a certain crystal face, The first 
imaginary fine which connected the aforementioned beam zero is mutually in agreement by the 
diffraction figure of the aforementioned antiferromagnetism layer, and the diffraction figure of a 
ferromagnetic layer. 

[0290] And the second imaginary line which connected with this invention the diffraction mottle 
which is located in the direction of [ other than the aforementioned thickness direction ], and which 
shows a certain crystal face, and the aforementioned zero when the same indexing was made and it 
saw from the aforementioned zero is mutually shifted in the diffraction figure of the aforementioned 
antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer. Or when it sees from 
the aforementioned beam zero, the diffraction mottle which is located in the direction of [ other than 
the aforementioned thickness direction ] and which shows a certain crystal face appears only in one 
diffraction figure of an antiferromagnetism layer or a ferromagnetic layer. 
[0291] As for the diffraction mottle located in the aforementioned thickness direction, in the 
above-mentioned case, it is desirable that the equivalent crystal face typically expressed as {111} 
sides is shown. 

[0292] or in drawing 6 and the AMR type thin film shown in 7 In the transparency electron-diffraction 
image of the exchange bias layer 21 which was made to carry out incidence of the electron ray 
(beam), and was obtained from the aforementioned interface and the perpendicular direction, and the 
magnetic-reluctance layer 20 The diffraction mottle corresponding to the reciprocal-lattice point of 
expressing each crystal face of each layer appears. The imaginary line by which the same indexing was 
made by the diffraction figure of the exchange bias layer 21 and the diffraction figure of the 
magnetic-reluctance layer 20 and which connected from a certain diffraction mottle to the beam 
zero is mutually shifted among the aforementioned diffraction mottles in the diffraction figure of the 



aforementioned antiferromagnetism layer, and the diffraction figure of a ferromagnetic layer. Or the 
diffraction mottle to which a certain indexing was carried out among the aforementioned diffraction 
mottles appears only in one diffraction figure of an antiferromagnetism layer or a ferromagnetic layer. 

[0293] In the above-mentioned case, a direction perpendicular to the aforementioned interface is the 
direction of the equivalent crystallographic axis typically expressed as <111> directions, or, as for the 
crystal face parallel to the aforementioned interface of an antiferromagnetism layer and a 
ferromagnetic layer, it is desirable that it is the equivalent crystal face typically expressed as [111] 
sides. 

[0294] If the above transparency electron-diffraction images are obtained, it will be thought that the 
exchange bias layer 21 and the magnetic-reluctance layer 20 have turned to the direction which the 
same equivalent crystal face as a direction parallel to a film surface carries out priority orientation, 
and moreover exists in the aforementioned crystal face and where a part of a certain same equivalent 
crystallographies axis [ at least ] differ mutually in the aforementioned exchange bias layer 21 and the 
magnetic-reluctance layer 20. And the aforementioned exchange bias layer 21 has caused the 
suitable rule transformation with heat treatment as it is the spin bulb type thin film which has the 
above-mentioned transparency electron -diffraction image, and a big switched connection magnetic 
field is acquired compared with the former. 

[0295] In the AMR type thin film shown in above-mentioned drawing 6 and above-mentioned drawing 
7 

, E field of drawing 6 and the magnetic-reluctance layer 20 shown in 7 is formed into a single 
magnetic domain in the direction of illustration X by the switched connection magnetic field 
generated in the interface of the aforementioned exchange bias layers 21 and 21 and the 
magnetic-reluctance layer 20. And it is induced by this and magnetization of the D region of the 
aforementioned magnetic-reluctance layer 20 is arranged in the direction of illustration X. Moreover, 
the current magnetic field generated in case detection current flows the magnetic-reluctance layer 
20 is impressed to the soft-magnetism layer 18 in the direction of Y, and a horizontal bias magnetic 
field is given to the D region of the magnetic-reluctance layer 20 in the direction of Y by the 
magnetostatic binding energy which the soft-magnetism layer 18 brings about. By giving this 
horizontal bias layer to the D region of the magnetic-reluctance layer 20 formed into the single 
magnetic domain in the direction of X, the resistance change (magnetoresistance-effect property : 
the H-R effect property) to magnetic field change of the D region of the magnetic-reluctance layer 
20 is set as the state of having linearity. 

[0296] The move direction,of a record medium is a Z direction, if it leaks in the direction of 
illustration Y and a magnetic field is given, the resistance of the D region of the magnetic-reluctance 
layer 20 will change, and this will be detected as voltage change. 

[0297] In addition, although it is about the manufacture method of the magnetoresistance-effect 
element shown in above-mentioned drawing 1 or above-mentioned drawing 7 , it is desirable to form 
the antiferromagnetism layer 4 as follows especially in this invention. 

[0298] As described above, as for the element X of the aforementioned antiferromagnetism layer 4, 
or the composition ratio of element X+X\ it is desirable that it is below 60 (at%) more than 45 (at%), 
and as shown in the experimental result later mentioned as it is below 56.5 (at%) more than 49 (at%) 
and is this within the limits, it can acquire a big switched connection magnetic field more preferably. 
[0299] Therefore, what is necessary is just to perform heat treatment, after being above-mentioned 
composition within the limits, forming the aforementioned antiferromagnetism layer 4 in a membrane 
formation stage as one process and each class of further others also forming membranes. 
[0300] In this invention, it sets after heat treatment. Moreover, the interface of the 
antiferromagnetism layer 4 and the fixed magnetic layer 3, When the interface of the exchange bias 
layer 16 and the free magnetic layer 1, the interface of the exchange bias layer 21 and the 
magnetic-reluctance layer 20, and the seed layer 22 are formed Although it is desirable that it is in a 
disconformity state as for a part of interface of the aforementioned seed layer 22 and the 
antiferromagnetism layer 4, and interface [ at least ] of the aforementioned seed layer 22 and the 
exchange bias layers 16 and 21, as for the aforementioned disconformity state, being maintained from 
the membrane formation stage is desirable. It is because it is thought that the aforementioned 
antiferromagnetism layer 4 grade cannot cause a suitable rule transformation easily even if it 
heat-treats that the aforementioned interface is in an adjustment state in a membrane formation 
stage. 

[0301] In order to make the aforementioned interface into the disconformity state in the membrane 
formation stage, it is desirable to form the aforementioned antiferromagnetism layer 4 grade, for 
example by the following methods. 



[0302] Drawing 8 is the ** type view showing the state where each class of the cascade screen 
shown in drawing 1 was formed. As shown in drawing 8 , after forming the seed layer 22 on the ground 
layer 6, the aforementioned antiferromagnetism layer 4 is formed by three layer membranes. The 1st 
antiferromagnetism layer 23 which constitutes the aforementioned antiferromagnetism layer 4, the 
2nd antiferromagnetism layer 24, and the 3rd antiferromagnetism layer 25 are formed with the 
above-mentioned X-Mn alloy and the above-mentioned X-Mn-X' alloy. 

[0303] However, in a membrane formation stage, the element X which constitutes the 1st and 3rd 
antiferromagnetism layers 23 and 25, or the composition ratio of element X+X' is made [ more ] than 
the element X of the 2nd antiferromagnetism layer 24, or the composition ratio of element X+X'. 
[0304] Moreover, the 2nd antiferromagnetism layer 24 formed between the antiferromagnetism layer 
23 of the above 1st and the 3rd antiferromagnetism layer 25 is formed with the antiferromagnetism 
material near the ideal composition which is easy to metamorphose into a superlattice with heat 
treatment from an irregular grid. 

[0305] Thus, when heat-treating, making the element X of the 1st antiferromagnetism layer 23 and 
the 3rd antiferromagnetism layer 25, or the composition ratio of element X+X* larger than the 
element X of the 2nd antiferromagnetism layer 24, or the composition ratio of element X+X' In order 
that the antiferromagnetism layer 4 may make the transformation to a superlattice from an irregular 
grid easy to carry out, in a field side, it is because it is necessary to make it not restrained by the 
crystal structure of the aforementioned fixed magnetic layer 3 and the seed layer 22 etc. 
[0306] As for the element X of the antiferromagnetism layer 23 of the above 1st, and the 3rd 
antiferromagnetism layer 25, or the composition ratio of element X+X', it is desirable that it is below 
65 (at%) more than 53 (at%), and it is below 60 (at%) more than 55 (at%) more preferably. Moreover, as 
for the thickness of the antiferromagnetism layer 23 of the above 1st, and the 3rd 
antiferromagnetism layer 25, it is desirable that it is [ 3A or more ] 30A or less. For example, by the 
case of drawing 8 , the above 1st and the 3rd antiferromagnetism layer 23 and 25 are formed by about 
10A, respectively. 

[0307] The element X of the antiferromagnetism layer 24 of the above 2nd or the composition ratio 
of element X+X' is formed below by 57 (at%) more than 44 (at%). Preferably, it is below 55 (at%) more 
than 46 (at%). If Element X or the composition ratio of element X+X* is formed within the limits of 
this, the antiferromagnetism layer 24 of the above 2nd will become easy to metamorphose into a 
superlattice by heat-treating from an irregular grid. In addition, as for the thickness of the 
antiferromagnetism layer 24 of the above 2nd, it is desirable that it is 70A or more. In addition, in the 
case of the example shown in drawing 8 , the thickness of the antiferromagnetism layer 24 of the 
above 2nd is formed by about 100A. 

[0308] Moreover, it is desirable to form each above-mentioned antiferromagnetism layers 23, 24, and 
25 by the spatter. In addition, it is desirable at this time to form the 1st and 3rd antiferromagnetism 
layers 23 and 25 with low spatter gas pressure rather than the 2nd antiferromagnetism layer 24. It is 
possible to make the element X of the above 1st and the 3rd antiferromagnetism layer 23 and 25 or 
the composition ratio of element X+X 1 by this larger than the element X of the 2nd 
antiferromagnetism layer 24 or the composition ratio of element X+X'. 

[0309] Or even when it does not form by this invention by three layer membranes which described 
the aforementioned antiferromagnetism layer 4 above in the membrane formation stage (before heat 
treatment) but the aforementioned antiferromagnetism layer 4 is formed by the monolayer by the 
following methods, it is possible to change appropriately Element X or the composition ratio (atomic 
%) of element X+X* in the direction of thickness, and to form it in it. 

[0310] In case the antiferromagnetism layer 4 is formed by the spatter using the antiferromagnetism 
material which contains Elements X and Mn first, or the target formed from Element X, X', and Mn 

Spatter gas pressure is gradually made high, the antiferromagnetism layer 4 is formed, it is the stage 
which carried out half grade membrane formation of the aforementioned antiferromagnetism layer 4, 
and shortly, the aforementioned spatter gas pressure is gradually made low, and the remaining 
antiferromagnetism layers 4 are formed as it separates from the seed layer 22. 

[0311] According to this method, it becomes low gradually, composition applying [ Element X or / of 
element X+X' ] it near the center of the thickness of the aforementioned antiferromagnetism layer 4 
from an interface with the seed layer 22 (atomic %), and it becomes high gradually, composition 
applying [ aforementioned ] it to an interface with the aforementioned fixed magnetic layer 3 from 
near [ aforementioned ] a center (atomic %). 

[0312] For this reason, Element X or the composition ratio (atomic %) of element X+X' is [ near the 
interface with the seed layer 22 and the fixed magnetic layer 3 ] the largest, and it becomes possible 
to form the antiferromagnetism layer 4 to which thickness becomes almost the lowest near a center. 



[0313] In addition, when the composition ratio of all the elements that constitute the aforementioned 
antiferromagnetism layer 4 is made into 100at(s)% near the interface with the seed layer 22 near the 
interface with the aforementioned fixed magnetic layer 3, it is desirable to make Element X or the 
composition ratio of element X+X' into less than [ more than 53at%65at% ], and it is less than [ more 
than 55at%60at% ] more preferably. 

[0314] Moreover, near the center of the direction of thickness of the antiferromagnetism layer 4, it 
is desirable to make the aforementioned element X or the composition ratio of element X+X* below 
into 57 (at%) more than 44 (at%), and it is below 55 (at%) more than 46 (at%) more preferably. 
Moreover, it is desirable to form the thickness of the aforementioned antiferromagnetism layer 4 by 
76A or more. 

[0315] Drawing 9 is the ** type view of a spin bulb type thin film showing the state after 
heat-treating to the cascade screen shown in drawing 8 . 

[0316] In this invention, to the side which touches the aforementioned seed layer 22 and the fixed 
magnetic layer 3 as mentioned above The 1st and 3rd antiferromagnetism layers 23 and 25 with many 
Elements X or the composition ratios of element X+X' are formed. And since the 2nd 
antiferromagnetism layer 24 formed between the above 1st and the 3rd antiferromagnetism layer 23, 
and 25 by the composition which is easy to metamorphose into a superlattice with heat treatment 
from an irregular grid appropriately is formed At the same time a transformation progresses in the 
portion of the antiferromagnetism layer 24 of the above 2nd with heat treatment It is thought that 
composition diffusion takes place between the 1st and 3rd antiferromagnetism layers 23 and 25 and 
the 2nd antiferromagnetism layer 24. Therefore, also in the portions of the above 1st and the 3rd 
antiferromagnetism layer 23 and 25, maintaining a disconformity state appropriately by the interface 
with the seed layer 22 and the fixed magnetic layer 3, the transformation to a superlattice from an 
irregular grid takes place, and a suitable transformation can be caused by the antiferromagnetism 
layer 4 whole. 

[0317] And in the spin bulb type thin film after heat treatment, the same equivalent crystal face as a 
direction parallel to a film surface carried out priority orientation of the aforementioned 
antiferromagnetism layer 4 and the fixed magnetic layer 3, and they have turned to the direction 
which moreover exists in the aforementioned crystal face and where a part of a certain same 
equivalent crystallographies axis [ at least ] differ mutually by the antiferromagnetism layer 4 and the 
fixed magnetic layer 3. 

[0318] Moreover, when the aforementioned antiferromagnetism layer 4 and the fixed magnetic layer 3 
are seen as a cross section from a direction (illustration Z direction) parallel to thickness, an 
interface sets the grain boundary of the aforementioned antiferromagnetism layer 4, and the grain 
boundary of the aforementioned fixed magnetic layer 3 in part at least, and they are in the 
discontinuous state. 

[0319] Moreover, since the seed layer is formed in the bottom of the aforementioned 
antiferromagnetism layer 4 in this invention, the equivalent crystal face typically expressed in the 
direction where the aforementioned antiferromagnetism layer is parallel to the aforementioned 
interface as [111] sides carries out priority orientation, moreover, twin crystal is formed in the 
aforementioned antiferromagnetism layer 4 in part at least, and the twin boundary of a part of 
aforementioned twin crystal is un-parallel to the aforementioned interface. In addition, as for the 
interior angle between the aforementioned twin boundary and an interface, it is desirable that it is 76 
degrees or less at 68 degrees or more. It is still more desirable that the equivalent crystal face 
expressed as [111] sides is carrying out priority orientation also of the aforementioned fixed magnetic 
layer 3. 

[0320] In addition, the ratio of atomic % of the element X to Mn or element X+X' is considered that 
the increasing field exists by the antiferromagnetism layer 4 after heat treatment as it goes to the 
seed layer 22 and the fixed magnetic layer 3. 

[0321] Although you may form by three layer membranes which described the antiferromagnetism 
layer 4 above in the case of the spin bulb type thin film shown in drawing 2 , you may form with the 
two-layer structure of the 2nd antiferromagnetism layer 24 which touches a 1st antiferromagnetism 
layer [ which touches the fixed magnetic layer 3 side, for example ] 23, and protective -layer 7 side. It 
is because there is no seed layer 22 like drawing 1 at drawing 2 . 

[0322] In addition, when the antiferromagnetism layer 4 is formed by the two-layer film as mentioned 
above, it is considered by the antiferromagnetism layer 4 after heat treatment for the field which the 
ratio of atomic % of the element X to Mn or element X+X' increases to exist as it goes to the fixed 
magnetic layer 3. 

[0323] Moreover, in the case of the spin bulb type thin film of drawing 3 , the exchange bias layer 16 
is formed by the two-layer film like the case of drawing 2 . The 1st antiferromagnetism layer 23 is 



formed in contact with the free magnetic layer 1 side, and forms the 2nd antiferromagnetism layer 24 
in the side which is separated from the aforementioned free magnetic layer 1. 
[0324] Moreover, the antiferromagnetism layer 4 shown in drawing 3 is formed by three layer 
membranes like the case of drawing 1 . By heat-treating, a suitable rule transformation is caused and 
the aforementioned exchange bias layer 16 and the antiferromagnetism layer 4 can acquire a big 
switched connection magnetic field. 

[0325] It is considered by the aforementioned exchange bias layer 16 after heat treatment for the 
field which the ratio of atomic % of the element X to Mn or element X+X' increases to exist as it 
goes to the free magnetic layer 1. 

[0326] Moreover, it is considered by the aforementioned antiferromagnetism layer 4 after heat 
treatment for the field which the ratio of atomic % of the element X to Mn or element X+X* 
increases to exist as it goes to the fixed magnetic layer 3 and the seed layer 22. 

[0327] Moreover, in the manufacture method of a spin bulb type thin film shown in drawing 4 , the 
antiferromagnetism layer 4 is formed by the two-layer film like the case of drawing 2 . The 1st 
antiferromagnetism layer 23 is formed in contact with the fixed magnetic layer 3 side, and forms the 
2nd antiferromagnetism layer 24 in the side which is separated from the aforementioned fixed 
magnetic layer 3. 

[0328] Moreover, the exchange bias layer 16 is formed by three layer membranes like the case of the 
antiferromagnetism layer 4 of drawing 1 . By heat-treating, a suitable rule transformation is caused 
and the aforementioned exchange bias layer 16 and the antiferromagnetism layer 4 can acquire a big 
switched connection magnetic field. 

[0329] It is considered by the aforementioned exchange bias layer 16 after heat treatment for the 
field which the ratio of atomic % of the element X to Mn or element X+X* increases to exist as it 
goes to the free magnetic layer 1 and the seed layer 22. 

[0330] Moreover, it is considered by the aforementioned antiferromagnetism layer 4 after heat 
treatment for the field which the ratio of atomic % of the element X to Mn or element X+X' 
increases to exist as it goes to the fixed magnetic layer 3. 

[0331] As shown in drawing 10 by the manufacture method of a dual spin bulb type thin film shown in 
drawing 5 The antiferromagnetism layer 4 located below the free magnetic layer 1 is formed by three 
layer membranes of the 1st antiferromagnetism layer 23, the 2nd antiferromagnetism layer 24, and 
the 3rd antiferromagnetism layer 25. The antiferromagnetism layer 4 located above the free magnetic 
layer 1 is formed by the two-layer film of the 1st antiferromagnetism layer 14 and the 2nd 
antiferromagnetism layer 15. 

[0332] It is the same as the thickness of the antiferromagnetism layer 23 of the above 1st, the 2nd 
antiferromagnetism layer 24, and the 3rd antiferromagnetism layer 25, and the thing explained by 
drawing 1 about composition. 

[0333] Heat treatment is performed, after forming membranes, as shown in drawing 10 . The state is 
expressed to drawing 11 . It is thought that the field which the ratio of atomic % of the element X to 
Mn or element X+X' increases exists as three layer membranes which constitute the 
antiferromagnetism layer 4 currently formed below the free magnetic layer 1 from drawing 11 cause 
composition diffusion and go to the aforementioned antiferromagnetism layer 4 after heat treatment 
at the fixed magnetic layer 3 and the seed layer 22. 

[0334] Moreover, it is thought that the field which the ratio of atomic % of the element X to Mn or 
element X+X* increases exists as the two-layer film which constitutes the antiferromagnetism layer 
4 formed above the free magnetic layer 1 also causes composition diffusion and goes to the 
aforementioned antiferromagnetism layer 4 after heat treatment at the fixed magnetic layer 3. 
[0335] Next, in the manufacture method of the AMR type thin film shown in drawing 6 , it forms by 
the two-layer film like [ magnetic layer / free / which shows the exchange bias layer 21 to drawing 
10 / 1 ] the antiferromagnetism layer 4 formed in the illustration bottom. The aforementioned 
exchange bias layer 21 is formed in the 1st antiferromagnetism layer 14 which touches the 
magnetic-reluctance layer 20, and the 2nd antiferromagnetism layer 15 formed in the side which is 
separated from the aforementioned magnetic-reluctance layer 20. 

[0336] If it heat-treats, the aforementioned exchange bias layer 21 will cause a suitable rule 
transformation, and a big switched connection magnetic field will generate it between the 
aforementioned exchange bias layer 21 and the magnetic-reluctance layer 20. 

[0337] And it is considered by the aforementioned exchange bias layer 21 after heat treatment for 
the field which the ratio of atomic % of the element X to Mn or element X+X' increases to exist as it 
goes to the magnetic-reluctance layer 20. 

[0338] Moreover, by the manufacture method of the AMR type thin film shown in drawing 7 , it forms 
by three layer membranes like the antiferromagnetism layer 4 which shows the exchange bias layer 



21 to drawing 8 . The aforementioned exchange bias layer 21 is formed in the 2nd antiferromagnetism 
layer 24 formed between the 1st antiferromagnetism layer 23 which touches the 
magnetic-reluctance layer 20, the 3rd antiferromagnetism layer 25 which touches the seed layer 22, 
and the above 1st and the 3rd antiferromagnetism layer 23 and 25. 

[0339] If it heat-treats, the aforementioned exchange bias layer 21 will cause a suitable rule 
transformation, and a big switched connection magnetic field will generate it between the 
aforementioned exchange bias layer 21 and the magnetic-reluctance layer 20. 

[0340] And it is considered by the aforementioned exchange bias layer 21 after heat treatment for 
the field which the ratio of atomic % of the element X to Mn or element X+X' increases to exist as it 
goes to the magnetic-reluctance layer 20 and the seed layer 22. 

[0341] Drawing 12 is the cross section with which the magnetoresistance-effect element shown in 
drawing 11 from drawing 1 was formed and which read and looked at the structure of a head from the 
opposed face side with a record medium. 

[0342] A sign 40 is the lower shield layer formed for example, with the NiFe alloy etc., and the lower 
gap layer 41 is formed on this lower shield layer 40. Moreover, on the lower gap layer 41, the 
magnetoresistance-effect element 42 shown in drawing 1 or drawing 7 is formed, further, the up gap 
layer 43 is formed on the aforementioned magnetoresistance-effect element 42, and the up shield 
layer 44 formed with the NiFe alloy etc. is formed on the aforementioned up gap layer 43. 
[0343] The aforementioned lower gap layer 41 and the up gap layer 43 are formed of insulating 
materials, such as Si02 and aluminum 203 (alumina). As shown in drawing 12 , the length from the 
lower gap layer 41 to the up gap layer 43 is gap length Gl, and it can respond to high recording 
density-ization, so that this gap length Gl is small. 

[0344] In this invention, even if it makes thickness of the antiferromagnetism layer 4 small, a still 
bigger switched connection magnetic field can be generated. Therefore, thickness of a 
magnetoresistance-effect element can be made small compared with the former, and it is possible to 
manufacture the thin film magnetic head which can respond to high recording density-ization by 
narrow gap-ization. 

[0345] In addition, although the example which formed the seed layer 22 in the antiferromagnetism 
layer 4 (or exchange bias layer 16 or magnetic-reluctance layer 20) bottom in drawing 1 , drawing 3 , 
drawing 4 , drawing 5 , and drawing 7 was carried in this invention, it does not limit to this gestalt. 
[0346] Moreover, in this invention, in the cutting plane cut in the direction parallel to the direction 
of thickness, although the grain boundary of the antiferromagnetism layer 4 and the grain boundary of 
a ferromagnetic layer are in the discontinuous state by a part of interface [ at least ], the different 
crystal face in the direction parallel to a film surface may be carrying out priority orientation of the 
crystal orientation of the aforementioned antiferromagnetism layer and a ferromagnetic layer in this 
case. Even in such a case, with heat treatment, a suitable rule transformation is caused and an 
antiferromagnetism layer can acquire a big switched connection magnetic field. 
[0347] 

[Example] In this invention, the spin bulb film of the film composition indicated below was formed, and 
the relation between the aforementioned amount of Pt(s) and a switched connection magnetic field 
(Hex) was investigated, changing the amount of Pt(s) of the PtMn alloy film which constitutes an 
antiferromagnetism layer. 

[0348] Film composition A lower shell, Si substrate / alumina / ground layer : Ta (3nm) / seed layer : 
NiFe (3nm) / antiferromagnetism layer :P txMn 100-x It is Ta (3nm). (15nm) / fixed magnetic layer: 
- [Co(1.5nm)/Ru(0.8nm)/Co (2.5nm)] / nonmagnetic interlayer: - Cu (2.3nm) / free magnetic 
layer: - [Co(lnm)/NiFe (3nm)] / BAKKUDO layer: - Cu (1.5nm) / protective-layer: - The numeric 
value of parenthesis writing indicated by each class shows thickness. 

[0349] The aforementioned antiferromagnetism layer and the fixed magnetic layer were formed by the 
DC magnetron-sputtering method. Moreover, when forming the aforementioned antiferromagnetism 
layer and a fixed magnetic layer, Ar gas pressure was set to 1 - 3mTorr. Moreover, when forming the 
aforementioned antiferromagnetism layer, distance between a substrate and a target was set to 
70-80mm. After forming the spin bulb film of the above-mentioned film composition, heat treatment 
of 2 hours or more was performed above 200 degrees C, and the switched connection magnetic field 
was measured. The experimental result is shown in drawing 13 . 

[0350] As shown in drawing 13 , when the amount X of Pt(s) increases up to about 50 (at%) to 55 
(at%) grade, it turns out that a switched connection magnetic field (Hex) also increases. Moreover, 
when the aforementioned amount X of Pt(s) becomes the about 55 (at%) above, it turns out that a 
switched connection magnetic field decreases gradually. 

[0351] In this invention, the case where a switched connection magnetic field was acquired more 
than 1.58x104 (A/m) was made into the desirable amount of Pt(s), and the desirable amount of Pt(s) 



was set up below 60 (at%) more than 45 (at%) from the experimental result shown in drawing 13 . 
[0352] Moreover, in this invention, the case where a switched connection magnetic field was 
acquired more than 7.9x104 (A/m) was made into the more desirable amount of Pt(s), and the more 
desirable amount of Pt(s) was set up below 56.5 (at%) more than 49 (at%) from the experimental result 
shown in drawing 13 . 

[0353] It is thought that change appears in the size of a switched connection magnetic field with the 
amount of Pt(s) as mentioned above for the state of the interface of an antiferromagnetism layer and 
a ferromagnetic layer (fixed magnetic layer) changing by changing the amount of Pt(s). 
[0354] The amount of Pt(s) understands the bird clapper for the lattice constant of an 
antiferromagnetism layer greatly indeed here, if it increases. For this reason, the interface of the 
aforementioned antiferromagnetism layer and a ferromagnetic layer can be made easy to be able to 
extend the difference of the lattice constant of an antiferromagnetism layer and a ferromagnetic 
layer, and to change into a disconformity state by making [ many ] the amount of Pt(s). 
[0355] It becomes [ by on the other hand forming a seed layer in the antiferromagnetism layer 
bottom like the above-mentioned film composition ] that it is easy to make the priority orientation of 
the [111] sides carry out in the direction parallel to a film surface like the aforementioned seed layer 
about the crystal orientation of each class, such as an antiferromagnetism layer formed on the 
aforementioned seed layer. 

[0356] Moreover, as there are many amounts of Pt(s), they are not necessarily better. When the 
amount of Pt(s) is made [ many ] too much, the aforementioned antiferromagnetism layer is because 
a suitable rule transformation cannot be caused even if it heat-treats. 

[0357] An interface with a ferromagnetic layer is formed by the composition which is easy to maintain 
at a disconformity state that it is easy to cause a rule transformation for the amount of Pt(s) which 
constitutes having covered the antiferromagnetism layer bottom with the seed layer, and an 
antiferromagnetism layer from this invention. When it heat-treats by controlling appropriately the 
membrane formation conditions furthermore described above etc., the aforementioned 
antiferromagnetism layer In the state after causing a suitable rule transformation, maintaining a 
disconformity state by the interface with a ferromagnetic layer and heat-treating The 
aforementioned antiferromagnetism layer and the ferromagnetic layer serve as crystal orientation 
which the same equivalent crystal face as a direction parallel to a film surface carries out priority 
orientation, and exists in the aforementioned crystal face and which turns to the direction where a 
part of directions [ at least ] of a certain same equivalent crystallographic axis differ mutually in the 
aforementioned antiferromagnetism layer and a ferromagnetic layer. 

[0358] Moreover, if the cutting plane which cut the aforementioned antiferromagnetism layer and the 
ferromagnetic layer from the direction parallel to thickness is observed, the grain boundary of the 
aforementioned antiferromagnetism layer and the grain boundary of a ferromagnetic layer are in the 
discontinuous state by a part of interface [ at least ] of the aforementioned antiferromagnetism layer 
and a ferromagnetic layer. 

[0359] Moreover, in this invention, the equivalent crystal face typically expressed in the direction 
where the aforementioned antiferromagnetism layer and a fixed magnetic layer are parallel to the 
aforementioned interface as [111] sides carries out priority orientation, moreover, twin crystal is 
formed in the aforementioned antiferromagnetism layer 4 in part at least, and the twin boundary of a 
part of aforementioned twin crystal becomes un-parallel to the aforementioned interface. 
[0360] 

[Effect of the Invention] As explained in full detail above, the grain boundary formed in the 
aforementioned antiferromagnetism layer which appears the aforementioned switched connection 
film in a cutting plane parallel to the direction of thickness by the switched connection film in this 
invention, and the grain boundary formed in the ferromagnetic layer are discontinuous at a part of 
aforementioned interface [ at least ]. 

[0361] Moreover, in this invention, the equivalent crystal face expressed in the direction parallel to 
the aforementioned interface as [111] sides carries out priority orientation of the aforementioned 
antiferromagnetism layer, twin crystal is formed in the aforementioned antiferromagnetism layer in 
part at least, and the twin boundary of a part of [ at least ] aforementioned twin crystal of the 
aforementioned twin crystal is characterized by being formed in aforementioned being the interface 
and being un-parallel. In addition, as for the interior angle between the aforementioned twin boundary 
and the aforementioned interface, it is desirable that it is 76 degrees or less at 68 degrees or more. 
[0362] When the above-mentioned membrane structure is obtained by the heat treatment back, the 
aforementioned antiferromagnetism layer is metamorphosing into the superlattice from the irregular 
grid appropriately with heat treatment, and can acquire a big switched connection magnetic field. 
[0363] The above-mentioned switched connection film can be applied to various 



ma gnetoresistance -effect elements, and it becomes possible to correspond appropriately that it is 
the magnetoresistance-effect element which has the aforementioned switched connection film to 
future high recording density-ization. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The cross section which looked at the structure of the single spin bulb type magnetoresistance-effect 
element of the 1 st operation gestalt of this invention from the ABS side side, 

r Drawing 21 The cross section which looked at the structure of the single spin bulb type magnetoresistance-effect 
element of the 2nd operation gestalt of this invention from the ABS side side, 

fDrawing 31 The cross section which looked at the structure of the single spin bulb type magnetoresistance-effect 
element of the 3rd operation gestalt of this invention from the ABS side side, 

fDrawing 41 The cross section which looked at the structure of the single spin bulb type magnetoresistance-effect 
element of the 4th operation gestalt of this invention from the ABS side side, 

[Drawing 5] The cross section which looked at the structure of the dual spin bulb type magnetoresistance-effect 
element of the 5th operation gestalt of this invention from the ABS side side, 

[Drawing 61 The cross section which looked at the structure of the AMR type magnetoresistance-effect element of 
the 6th operation gestalt of this invention from the ABS side side, 

[Drawing 7] The cross section which looked at the structure of the AMR type magnetoresistance-effect element of 
the 7th operation gestalt of this invention from the ABS side side, 

[Drawing 8] The ** type view showing the state of the membrane formation stage of the magnetoresistance-effect 
element shown in drawing 1 , 

[Drawing 91 The ** type view showing the structure of the aforementioned cascade screen after heat-treating to 
the cascade screen shown in drawing 8 , 

[Drawing 101 The ** type view showing the state of the membrane formation stage of the magnetoresistance-effect 
element shown in drawing 5 , 

[Drawing 1 1] The ** type view showing the structure of the aforementioned cascade screen after heat-treating to 
the cascade screen shown in drawing 10 , 

[Drawing 121 The structure **** fragmentary sectional view of the thin film magnetic head (reproducing head) in this 
invention, 

[Drawing 131 The graph which shows the relation of the aforementioned amount of Pt(s) and switched connection 
magnetic field (Hex) at the time of changing the amount of Pt(s) of an antiferromagnetism layer (PtMn alloy film), 
[Drawing 141 Drawing having shown the crystal orientation of the antiferromagnetism layer of a switched connection 
film and the ferromagnetic layer in this invention in ** type view, 

[Drawing 151 Drawing having shown the crystal orientation of the antiferromagnetism layer of a switched connection 
film and the ferromagnetic layer in the example of comparison in ** type view, 

[Drawing 1 61 The transparency electron-diffraction image of the film surface of a spin bulb film, and a parallel shell in 
this invention, 

[Drawing 1 71 The transparency electron-diffraction image of the film surface of a spin bulb film, and a parallel shell in 
the example of comparison, 

prawing 181 The ****** type view of the transparency electron-diffraction image shown in drawing 16 , 
.Drawing 1 9' The ****** type view of the transparency electron-diffraction image shown in drawing 1 7 , 
Drawing 201 The ** type view of the transparency electron-diffraction image from the film surface and 
perpendicular direction of the antiferromagnetism layer in this invention, 

[Drawing 211 The ** type view of the transparency electron-diffraction image from the film surface and 
perpendicular direction of the ferromagnetic layer in this invention, 

[Drawing 221 The ** type view on top of which drawing 20 and the transparency electron-diffraction image of 21 
were laid, 

[Drawing 231 The ** type view of the transparency electron-diffraction image from the film surface and 
perpendicular direction of the antiferromagnetism layer in the example of comparison, 
[Drawing 241 The ** type view of the transparency electron-diffraction image from the film surface and 
perpendicular direction of the ferromagnetic layer in the example of comparison, 

[Drawing 251 The ** type view on top of which drawing 23 and the transparency electron-diffraction image of 24 
were laid, 

[Drawing 261 The transmission-electron-microscope photograph of the aforementioned cutting plane at the time of 
cutting the spin bulb type thin film in this invention from a direction parallel to thickness, 

[Drawing 271 The transmission-electron-microscope photograph of the aforementioned cutting plane at the time of 
cutting the spin bulb type thin film in the example of comparison from a direction parallel to thickness, 
[Drawing 281 The ****** type view of the transmission-electron-microscope photograph shown in drawing 26 , 
[Drawing 291 The ****** type view of the transmission-electron-microscope photograph shown in drawing 27 , 
[Drawing 301 The transmission-electron-microscope photograph of the aforementioned cutting plane at the time of 
cutting the spin bulb type thin film of another example in this invention from a direction parallel to thickness, 
[Drawing 31 1 The ****** type view of the transmission-electron-microscope photograph shown in drawing 30 , 
[Description of Notations] 

1 Free Magnetic Layer 

2 Nonmagnetic Interlayer 

3 Fixed Magnetic Layer (Ferromagnetic Layer) 
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4 Antiferromagnetism Layer 

5 Hard Bias Layer 

6 Ground Layer 

7 Protective Layer 

8 Conductive Layer 

1 4 23 1 st antiferromagnetism layer 

1 5 24 2nd antiferromagnetism layer 

16 21 Exchange bias layer 

1 7 26 Insulating layer 

1 8 Soft-Magnetism Layer (SAL Layer) 

1 9 Non-magnetic Layer (SHUNT Layer) 

20 Magnetic-Reluctance Layer (MR Layer) 
22 Seed Layer 

25 3rd Antiferromagnetism Layer 

42 Magnetoresistance-Effect Element 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the switched connection film with which an antiferromagnetism layer and a ferromagnetic layer touch, 
and are formed, a switched connection magnetic field occurs in the interface of the aforementioned 
antiferromagnetism layer and a ferromagnetic layer, and the magnetization direction of the aforementioned 
ferromagnetic layer is carried out in the fixed direction The aforementioned antiferromagnetism layer is formed with 
the antiferromagnetism material containing Elements X (however, X is one sort or two sorts or more of elements 
among Pt, Pd, Ir, Rh, Ru, and Os), and Mn. The switched connection film characterized by the grain boundary formed 
in the aforementioned antiferromagnetism layer which appears in a cutting plane parallel to the direction of thickness 
in the aforementioned switched connection film and the grain boundary formed in the ferromagnetic layer being 
discontinuous at a part of aforementioned interface [ at least ]. 

[Claim 2] The aforementioned antiferromagnetism layer and a ferromagnetic layer are a switched connection film 
according to claim 1 in which the equivalent crystal face expressed in the direction parallel to the aforementioned 
interface as [111] sides is carrying out priority orientation. 

[Claim 3] In the switched connection film with which an antiferromagnetism layer and a ferromagnetic layer touch, 
and are formed, a switched connection magnetic field occurs in the interface of the aforementioned 
antiferromagnetism layer and a ferromagnetic layer, and the magnetization direction of the aforementioned 
ferromagnetic layer is carried out in the fixed direction It is the switched connection film which the equivalent 
crystal face expressed in the direction parallel to the aforementioned interface as [111] sides carries out priority 
orientation of the aforementioned antiferromagnetism layer, and is characterized by forming twin crystal in the 
aforementioned antiferromagnetism layer in part at least, and forming the twin boundary of a part of [ at least ] 
aforementioned twin crystal in aforementioned being the interface and being un-parallel. 

[Claim 4] The interior angle between the aforementioned twin boundary and the aforementioned interface is a 
switched connection film according to claim 3 which is 76 degrees or less at 68 degrees or more. 
[Claim 5] The aforementioned ferromagnetic layer is a switched connection film according to claim 3 or 4 in which 
the equivalent crystal face expressed in the direction parallel to the aforementioned interface as [111] sides is 
carrying out priority orientation. 

[Claim 6] The aforementioned antiferromagnetism layer is a switched connection film according to claim 3 to 5 
formed with the antiferromagnetism material containing Elements X (however, X is one sort or two sorts or more of 
elements among Pt, Pd, Ir, Rh, Ru, and Os), and Mn. 

[Claim 7] The aforementioned switched connection film is a switched connection film according to claim 1 to 6 with 
which the seed layer the laminating was carried out to the order of a lower shell antiferromagnetism layer and a 
ferromagnetic layer, and the equivalent crystal face as which the crystal structure changes mainly from a 
face-centered cubic to the aforementioned antiferromagnetism layer bottom, and is moreover further expressed in 
the direction parallel to the aforementioned interface in it as [111] sides carried out [ the layer ] priority orientation 
is formed. 

[Claim 8] The aforementioned seed layer is a NiFe alloy, nickel or nickel-Fe-Y alloy (however, at least one or more 
sorts as which Y is chosen from Cr, Rh, Ta, Hf, Nb, Zr, and Ti), and a switched connection film according to claim 7 
further formed with nickel-Y alloy. 

[Claim 9] It is the switched connection film according to claim 8 whose rate y of an atomic ratio, as for the 
aforementioned seed layer, an empirical formula is shown by 1 (nickel 1 -xFex)-yYy (x and y are a rate of an atomic 
ratio), the rate x of an atomic ratio is 0.3 or less or more in zero, and is 0.5 or less or more in zero. 
[Claim 10] The aforementioned seed layer is a switched connection film according to claim 7 to 9 which is 
nonmagnetic in ordinary temperature. 

[Claim 11] The switched connection film according to claim 7 to 10 with which the ground layer formed by at least 
one or more sorts of elements among Ta, Hf, Nb, Zr, Ti, Mo, and W is formed in the bottom of the aforementioned 
seed layer. 

[Claim 1 2] A part of interface [ at least ] of the aforementioned antiferromagnetism layer and a seed layer is the 
switched connection film according to claim 7 to 1 1 which is in a disconformity state. 

[Claim 13] The aforementioned antiferromagnetism layer is a X-Mn-X* alloy (however, element X')- Ne, Ar, Kr, Xe, Be, 
B, C, N, Mg, aluminum, Si, P, Ti. V, Cr, Fe, Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn t Hf, Ta, W. Re, 
Au, Pb, and the inside of rare earth elements — one sort or two sorts or more of elements — it is — the switched 
connection film according to claim 1 to 1 2 currently formed 

[Claim 14] The aforementioned X-Mn-X' alloy is a switched connection film according to claim 13 a part of whose 
lattice point of the crystal lattice which consists of elements X and Mn it is the interstitial solid solution by which 
element X' trespassed upon the crevice between the space lattices which consist of elements X and Mn, or is the 
substitution solid solution replaced by element X'. 

[Claim 15] The aforementioned element X or the composition ratio of element X+X' is a switched connection film 
according to claim 1 to 14 which is below 60 (at%) more than 45 (at%). 

[Claim 16] A part of interface [ at least ] of the aforementioned antiferromagnetism layer and a ferromagnetic layer 
is the switched connection film according to claim 1 to 1 5 which is in a disconformity state. 

[Claim 1 7] The magnetoresistance-effect element which is equipped with the following and characterized by forming 
the fixed magnetic layer formed in contact with the aforementioned antiferromagnetism layer and this 
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antiferromagnetism layer with the switched connection film indicated by either the claim 1 or the claim 1 6. 
Antiferromagnetism layer The fixed magnetic layer to which it is formed in in contact with this antiferromagnetism 
layer, and the magnetization direction is fixed by the exchange-anisotropy magnetic field with the aforementioned 
antiferromagnetism layer The free magnetic layer formed in the aforementioned fixed magnetic layer through the 
nonmagnetic interlayer The bias layer which arranges the magnetization direction of the aforementioned free 
magnetic layer in the magnetization direction of the aforementioned fixed magnetic layer, and the crossing direction 
[Claim 18] The magnetoresistance-effect element which is equipped with the following, and the interval of the width 
of recording track Tw is vacated for the aforementioned free magnetic layer top or bottom, the exchange bias layer 
of antiferromagnetism is formed, and the aforementioned exchange bias layer and a free magnetic layer are formed 
with the switched connection film indicated by either the claim 1 or the claim 1 6, and is characterized by carrying 
out magnetization of the aforementioned free magnetic layer in the fixed direction. Antiferromagnetism layer The 
fixed magnetic layer to which it is formed in in contact with this antiferromagnetism layer, and the magnetization 
direction is fixed by the exchange-anisotropy magnetic field with the aforementioned antiferromagnetism layer The 
free magnetic layer formed in the aforementioned fixed magnetic layer through the nonmagnetic interlayer 
[Claim 19] The magnetoresistance-effect element which is equipped with the following and characterized by forming 
the fixed magnetic layer formed in contact with the aforementioned antiferromagnetism layer and this 
antiferromagnetism layer with the switched connection film indicated by either the claim 1 or the claim 1 6. The 
nonmagnetic interlayer by whom the laminating was done to the upper and lower sides of a free magnetic layer The 
fixed magnetic layer located on one aforementioned nonmagnetic interlayer and under the nonmagnetic interlayer of 
another side The antiferromagnetism layer which is located on one aforementioned fixed magnetic layer and under 
the fixed magnetic layer of another side, and fixes the magnetization direction of each fixed magnetic layer in the 
fixed direction by the exchange-anisotropy magnetic field The bias layer which arranges the magnetization direction 
of the aforementioned free magnetic layer in the magnetization direction of the aforementioned fixed magnetic layer, 
and the crossing direction 

[Claim 20] The magnetoresistance-effect element characterized by having the magnetic-reluctance layer and 
soft-magnetism layer which were piled up through the non-magnetic layer, vacating the interval of the width of 
recording track Tw for the aforementioned magnetic-reluctance layer top or bottom, forming an antiferromagnetism 
layer, and forming the aforementioned antiferromagnetism layer and the magnetic-reluctance layer with the switched 
connection film indicated by either the claim 1 or the claim 16. 

[Claim 21] The thin film magnetic head characterized by forming the shield layer in the upper and lower sides of the 
magnetoresistance-effect element indicated by a claim 17 or either of 20 through a gap layer. 
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